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FATTY ACID METABOLISM 

IV. KETONE BODIES AS INTERMEDIATES OF ACETATE OXIDATION 
IN ANMAL TISSUES* 

By grace MEDES, NORMAN F. FLOYD, A^^) SIDNEY WEESTHOUSE 

(From the Lanhenau Hospital Research InstitutCf Philadelphiaf and the 
Research Laboratories of the Houdry Process Corpof<ition of 
PennsylvaniOt Marcus Hook, Pcniisylvania) 

(Received for publication, July 26, 1945) 

Recent experiments with isotopicallj" labeled fatty acids (2^) make it 
reasonably certain that ketone bodies arise from these ^bstances in liver 
by coupling of acetji groups w’hich result from p oxidation. With the 
establishment of the acetyl group as the most probable primary breakdown 
product of fatty acids, the question emerges w’hether condensation to aceto- 
acetate is an obligatorj-' step in the metabolism of acetate in all tissues and 
under all conditions, or whether further chemical changes may occur with- 
out mtermedlary conversion to ketone bodies. The present investigation 
w^as designed to elucidate this question. 

A preliminarj^ study disclosed that liver, kidney, and heart muscle slices 
of the rat readily metabolize acetate,^ but only with liver is there accu- 
mulation of ketone bodies. Comparison of the relative rates of acetate and 
acetoacetate disappearance in these organs revealed that whereas in liver 
there was little if any disappearance of ketone bodies, the rate of aceto- 
acetate breakdorvn in kidney and heart is so rapid compared with acetate 
metabolism, that ketone bodies, if formed from the latter, W’ould not be 
expected to accumulate. Thus, no answer can be acquired by this method 
as to whether or not ketone bodies are actually formed during acetate 
metabolism in kidnej” and heart. 

With sodium acetate, marked by the presence of excess in the carboxyl 
carbon, the conversion of acetate to acetoacetate in these tw’o tissues was 
tested in the following w'ay. A mixture of isotopic acetate and normal, 
non-isotopic acetoacetate was incubated with the tissue for 2 hours in ox>^- 
gen at 38°, the quantity of acetoacetate taken being such as to allow the 
recoverj’^ of an amount sufficient for isotope analysis at the close of the 

•A preliminarj' report of this work has appeared (1). 

With the technical assistance of Lafayette Noda, Marj’ Camnjaroti, Ethel Niessen, 
and Ruth Millington. 

Aided in part by Mr. Paul A. Davis of Philadelphia. 

^ Experiments were also carried out with rat brain and skeletal muscle slices, but 
acetate utilization was so low in these tissues that further work with them appeared 
fruitless. 
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FATTY ACID METABOLISM. IV 


experiment. Under these circumstances any isotopic acetoacetate formed 
from acetate should mix vdth the non-isotopic acetoacetate already present 
and increase its content. Thus, the presence of excess in the 
recovered acetoacetate may be considered proof of its formation from 
acetate. 


EXPERIMENTAL 

The labeled sodium acetate 'vvas prepared by the Grignard reaction from 
isotopic CO 2 ; it contained 3.90 atom per cent excess, representing 7.80 
per cent excess in the carboxyl carbon. ^The sodium acetoacetate was 
prepared from the methyl ester by the procedure of Ljunggren (7). The 
substrates were used in concentrations of approximately 0.01 and 0.005 m 
respectively, in a 0.01 m phosphate-buffered solution of the folloudng com- 
position: CaCh 1 mM, KCl 2 mM, NaCl 13.5 mM per 100 ml. 

Organs of adult rats, previously fasted 24 hours, were used. Slices were 
prepared in the conventional manner. The kidney preparation used in 
Experiment 3 was prepared by means of a small press of our own design, 
which operates by forcing the undiluted tissue, by hand screw pressure, 
through a finely perforated die. Microscopic examination of stained 
smears of such preparations has revealed the absence of intact cells, though 
apparently undamaged nuclei were present. 

Except where indicated otherwise in the descriptions of the individual 
experiments, the incubation, isolation, and analytical procedures were the 
same as emplo 3 "ed prexdously (4). 


ItesitUs 

Acetate and Acetoacetate Disappearance — The relative rates of acetate 
and acetoacetate metabolism in various organs of fasted rats are compared 
in Table 1. The values ^ven are the conventional Q designation (micro- 
liters per mg. of dry tissue per hour, the dry weight being estimated as one- 
fifth of the wet tissue). They are the average results of many experiments 
carried out essentially as described in a previous report (4). In each case, 
acetate and acetoacetate were determined by direct assay before and after 
incubation with the tissue slices. Of the three organs, liver metabolized 
acetate most rapidly, this being the only organ in which ketone bodies 
accumulated. With acetoacetate as substrate, the low rate of its disap- 
pearance was accounted for entirely by hydroxybutyrate fmmation. With 
kidney and heart, the rate of acetate disappearance was lower than in liver. 
However, there was a liigh rate of acetoacetate metabolism in these tissues, 
accounted for only to a small extent by reduction to hydroxybutyrate. 

Similar results were obtained by incubation of kidney and heart slices 
with mixtures of acetate and acetoacetate. When both substrates were 
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present, acetoacetate disappeared much more rapidly than acetate. In 
vievr of the high rate of acetoacetate metabolism compared with acetate 
in these tissues the non-accumulation of ketone bodies cannot be considered 
as evidence for their lack of formation. 

Table I 


Q Values for Acetate and Acetoacetate Disappearance in Tissue Slices of Fasted Rais 
Approximately 2 gm. of fresh tissue in GO ml. of Ringer-phosphate, Experiments, 
2 hours in Or at 37.5®. 



Subs trite 

AccUte, 0.01 u 

Acetoacetite, 0X05 u 

Acetite, OXI u + mcctoiceute, 
0X05 V 

Acetite 

XetOBc 

bodies 

Aceto- 

•.cetite 

Hjdroiy- 

butynte 

Acetate 

Acclo- 

acetate 

Hydro ly- 
butyratc 

liver 

—5.0 

2.5 

-1.2 

1.2 




Edney 

-4.2 ' 

0 

-5.3 

1.3 

-3.0 

-4.4 

2.0 

Heart muscle... 

-2.5 

0 

-3.7 

1.1 

-1.3 

-4,0 

1.2 


Table II 

Distribution of in Products of Incubation of Aeetate-Aceloacetale Mixtures tcith Rat 

Kidney and Heart 


2 hours in 0* at 37.5°. Acetate, O.OI ir; acetoacetate, 0.005 m. 



1 

I Experiment 1, 
kidney slices, 
2.« sm. 

Expcnmeal 2, 
kidney slices, 2.2S 
cm. pins 0.54 ok 
N aHO>03 

Experiment 3, 
kidney brei, 

3.0 ea. 

Experiment 4, 
heart slices, 
1X0 gm. 


mse 

C^Per 

cent 

•ur 

O^Per 

cent 

«ur 

cent 

rtir 

per 

CtTll 

Acetate utilized 

0.0918 

3.90 

0.0669 

0 

0.117 

3.90 

0.013 

3.90 

Acetoacetate, start 

0.297 


1 0.314 


0.291 


0.276 


P-Carbon 


0 


0 


0 


0 

Carboxyl carbon 


0.05 




0.03 



Acetoacetate, recovered 

0.140 


0.151 


0.167 


0.149 


fl'Carbon 


0.81 


0.15 

1 

0.69 


0 

Carboxyl carbon 


0.73 


O.OS 


0.85 


0.06 



0.92 







Hydroxybutyrate 

41.071 


0.061 


0.082 


0.039 


^-Carbon 


0.60 


0.15 


0.57 


0 

Respiratory CO 2 

0.539 

0.88 

1.207* 


0.698 

0.60 


0,33 


• Respiratory COt plus COs from the added bicarbonate. 


Ketone Body Formation from Acetate by Kidney Slices, hy Use of Isotopic 
Acetate — The data of a single experiment, representative of four thus far 
carried out, in which a mixture of carboxyl-labeled acetate and non-isotopic 
acetoacetate was incubated with kidney slices, are listed under Experi- 
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ment 1 of Table II. The acetone isolated by decarboxylation of the aceto- 
acetate remaining at the close of this experiment had an excess of 0.27 per 
cent To ascertain the distribution of the isotope among the 3 acetone 
carbon atoms, a portion v’as treated vdth alkaline hypoiodite, and the 
resulting iodoform analyzed for its content. It was found to contain 
onl}^ the normal concentration. Inasmuch as the iodoform carbon 
arises from the methyl groups of acetone, the excess of the acetone must 
have been exclusively in the carbonyl group. Hence, the content of 
the carbonyl carbon (the iS-carbon of acetoacetate) is 0.27 X 3 = 0.81 per 
cent. Two values were obtained for the excess of the carboxyl carbon: 
0.73 by thermal decarboxylation and 0.92 by aniline citrate decarboxyla- 
tion. Inasmuch as the latter procedure is more specific for carboxyl carbon 
of /3-keto acids, it can be regarded as the more reliable figure. 

There was also recovered 0.071 mM of hydroxybutyrate, wliich, upon 
oxidation uith dichromate, yielded acetone unth a excess of 0.20 per 
cent, representing 0.60 per cent in the ^-carbon. 

The conversion of aoetate to acetoacetate and hydroxybutyrate in kidney 
thus appears to be established. The presence of the excess isotope in 
approximately equal concentration in the j5-carbon and the carboxyl carbon 
atoms and its absence from the a- and y-carbons suggest that the conver- 
sion occurs by coupling of acetyl groups. HoAvever, several other possibili- 
ties remained to be considered. The remote possibility of a non-enz 5 '’matic 
interchange between acetate and acetoacetate is eliminated for the follow- 
ing reason. The initial values for the acetoacetate Avere obtained by 
isotopic anab^'sis of the acetone and CO 2 resulting from heat treatment of 
an aliquot of the medium before incubation. Inasmuch as the medium 
contained the isotopic acetate in addition to the non-isotopic acetoacetate, 
the acetone and CO2 should have had a excess if interchange occurred. 
Tliis procedure was followed in many experiments, but in no case did the 
isolated acetone contain excess The slight excess of in the carboxyl 
group remains unexplained. However, it can conceivabl}" be due to a 
slight decarboxylation of acetate under the conditions employed, since only 
about 0.3 per cent decarboxylation of the acetate would account for the 
observed excess in the acetoacetate carboxyl carbon. 

The possibility remained that the excess in the acetoacetate arose 
indirectly from acetate by a mechanism involving assimilation of isotopic 
CO 2 resulting from acetate oxidation. Accordingly, an experiment was 
made Arith non-isotopic substrates, to Avliich Avas added 0.5 mM of isotopic 
.sodium bicarbonate containing 4.5 per cent excess (Experiment 2, 
Table II). To keep the CO2 content of the medium as high as possible 
the KOH papers usually placed in the central Avell of the respirometer 
flasks were omitted. The slight excess observed in both the aceto- 
acetato and hydroxybutyrate fractions suggests that CO 2 assimilation may 
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play a part in ketone body formation. This reaction is being studied fur- 
ther. It is e\ddent, however, that CO2 assimilation cannot be responsible 
for the results obtained vdth isotopic acetate, since the excess in the 
ketone bodies with isotopic acetate was considerably higher than 'with 
isotopic bicarbonate despite the fact that the content of the respiratory 
CO2 with acetate, 0.88 per cent, was only about one-fourth the average 
C” content of the respiratorj' CO2, (4.5 + 2.2)/2 = 3.4 per cent, with 
isotopic bicarbonate. 

Ketone Bodies from Acetate in Pulped Kidney Tissue— In a study of 
acetate oxidation by animal tissue Wieland and Jennen (8) found acetate 
to be oxidized readily by cattle kidney brei. In confirmation, we found that 
rat kidney brei also oxidized acetate at about the same rate as slices, and 
also without accumulation of ketone bodies. It rvas of interest, therefore, 
to compare the course of acetate metabolism in brei ndth that in slices. 
Typical results of three such experiments are shomi under Experiment 3 
of Table II. They indicate that acetate metabolism in this preparation is 
qualitatively and quantitatively similar to that with slices. 

Acetate Oxidation in Heart Muscle — By contrast with kidne3% acetate 
metabolism in rat heart slices apparently does not proceed through ketone 
bodies. As shown in Experiment 4 of Table II, the /3-carboas of aceto- 
acetate and hj’^droxj^butyrate contained no excess C'^ despite the fact that 
acetate oxidation had doubtlessl3^ occurred, as indicated b3" the presence 
of 0.33 per cent excess in the respiratory CO2. 

Calculation of Quantity of Acetate Converted to Ketone Bodies — With the 
establishment of ketone bod3' formation from acetate by kidney, the ques- 
tion arises as to what percentage of the total acetate metabolized was thus 
transformed. In Experiment 1, the excess of 0.81 per cent in the 
/5-carbon atom represents an over-all excess of 0.41 atom per cent in the 
acetoacetate (assuming equal quantities in the /5-carbon and carboxyl 
carbon and none in the a- and 7-carbons). Inasmuch as the acetate con- 
tained 3.90 atom per cent excess of the 0.211 nm of ketone bodies re- 
covered (0.41 X 0.211)/3.90 = 0.022 mM came from acetate, requiring the 
condensation of 0.022 X 2 = 0.044 m.M of acetate, or (0.044 X 100)/0.092 = 
48 per cent of the total which disappeared. This method of calculation, 
however, yields only a minimum value, since no account is taken of the 
isotopic acetoacetate metabolized. A more accurate though still approxi- 
mate calculation can be made, the isotopic acetoacetate which disap- 
peared being considered, by using the equation derived below. 

We may consider the conversion of acetate to acetoacetate, and the con- 
current disappearance of the latter, as part of a series of consecutive reac- 
tions of the type 

A B C 

where A and B are acetate and acetoacetate, respectively. 
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Let Ri = the rate of formation of B from A, assumed to remain constant. 
Ri = the rate of disappearance of B, assumed to remain constant and dif- 
ferent from R:. B* *= the quantity of B derived from A, present in the 
total B at any time, t." Bo — the initial quantity of B. 

The quantity of B present at any time t is a function of i, equal to Bo -h 
(Ri — Ri)t. At any instant, the rate of formation of B* Avill be equal to 
Ri and the rate of disappearance of B* will equal R 2 B*/[Bo + (Ri — 

The rate of change of B* will then be equal to its rate of formation minus its 
rate of disappearance. 

dl ~ ^ Bo A (Ri - R2)t 


Integration of Equation 1, considering that B* = 0 when t = 0, yields’ 
(2) B* = Bo + (Ri - Rt)t - JSo'"’-''"- [Bo + (B. - Ri)i] 


Since B* = ig [Bo + (Ri — R 2 )i]/iA where ia and fx are the isotope 
contents of B and A, respectively, we may substitute tliis value for B* in 
Equation 2, yielding 


(3) 


«i 

■JB ^ ^ r Bo Ki— R} 

iA + (i2i — Ri)t 


Solving Equation 3 for Ri gives 


(B: - B.) log r-~ 

(4) B. = 

]og 22 

j Bo (Ki — Bj)! 

In Equation 4, all the values on the right side are experimentally deter- 
minable, except 7?2 — 7?i, wliich is easily derived from the initial and final 
values of B, Since [^o + (Ri — is equal to the final value of 5, 
J ?2 — = “(/?i — i? 2 ) = {Bo — B final)/^ It vill be positive if B 

decreases and negative if B increases. 

Equation 4 thus allows the calculation of the rate of formation of an inter- 
mediate from an isotopically labeled precursor regardless of the degree of 
variation in the total quantity of the intermediate, provided its initial and 

- Since the B molecules formed from A will have the same isotope concentration as 
-4, it follows that B*/B = A numerical example will make this clear. If 

-4 contains 10 per cent excess isotope and 100 mM of B are isolated, having 5 per cent 
excess, the proportion of the total E derived from A will be 5/10 and == 5 X (100/10) 
« 50 niM. 

^ We are indebted to Dr. G. A. ^lills of the Houdry Laboratories for aid in the 
integration of this equation. 
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final values can be determined. It is not applicable, however, when Ri 
and Ri are nearly equal, as under these circumstances both numerator and 
denominator approach zero and the equation becomes indeterminate. If 
Ri and Ri are equal or nearly so, B may be assumed to have a constant 
value; the same reasoning used in the derivation of Equation 4 then leads to 

2303B log . 

(5) = i?. = K, 

When the data of the kidney slice experiment are applied to Equation 4, 
in which {a = 3.90, is = 0.41, Bo = 0.297, B final = + (Ri — R^)t = 

0.211, Ri — Ri — 0.043, and t — 2, there is obtained a value for Ri of 
0.0140 mM per hour, or 0.0280 mil of acetoacetate formed from acetate 
during the 2 hour incubation period. Thus, 0.056 mil of acetate, or 
(0.056 X 100)/0.0918 = 61 per cent of the total utilized was converted 
to ketone bodies. 

Of three experiments with kidney slices, the proportions of the total 
acetate utilized involved in ketone body formation were 36, 60, and 61 per 
cent, respectively; and of two experiments with kidney brei, 51 and 43 per 
cent of the total acetate had formed ketone bodies. 

It should be emphasized that any method of calculation based on experi- 
ments in systems of the tj^pes described are necessarily subject to great 
uncertainties; therefore the figures obtained can only be considered as rough 
approximations. Probably the most serious uncertainty is in the extent 
to which added substrates reach equilibrium with intracellular components. 
Inasmuch as we obtained quantitatively similar results with slices, in which 
the cells are largely intact, and in pulps in which cellular organization was 
to a great extent disrupted, it would appear that cellular permeability was 
not an important factor in our results. The possibility remains, however, 
that other, as yet xmdisclosed, factors prevent attainment of complete 
equilibrium. Until such effects can be evaluated, we can only assume that 
the figures given represent a reliable measure of the order of magnitude of 
the conversion. The results of all the experiments together indicate that 
about one-half of the total acetate was metabolized without condensation 
to ketone bodies. 

That not all of the acetate utilized formed ketone bodies is indicated also 
by comparison of the content of the respiratory CO 2 with that of the 
recovered acetoacetate. In Experiment 1, for example, the respiratory 
CO: had a excess of 0.88 per cent as compared with 0.41 atom per cent 
for the acetoacetate. In Experiment 3, the respective values are 0.60 and 
0.35 per cent. If all of the acetate were converted to ketone bodies, the 
content of the respiratory CO 2 would reflect the average concentra- 
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tion ot the acetoacetate during the course of the incubation, which would be 
about one-half of its final value. Inasmuch as the respiratory CO 2 had a 
excess of 3 to 4 times this value, the conclusion seems warranted that 
part of the acetate is metabolized in kidney by a pathway not involving 
ketone body formation. 

In the experiments vith heart muscle, no evidence of the formation of 
ketone bodies Avas obseiwed. With a precision of zfcO.02 per cent an 
excess of 0.04 per cent in the acetone Avould have been detectable, repre- 
senting an over-all content of 0.06 atom per cent in the acetoacetate. 
By Equation 4, this v^ould require the conversion of 0.006 mM of acetate 
or about 15 per cent of the quantity utilized in the experiment. Thus, if 
conversion to acetoacetate occurred, it must have been less than 15 per cent. 

DISCUSSION 

The observation that only part of the acetate utilized by kidney and 
none of that utilized by heart is converted to ketone bodies indicates that 
these substances are not obligatoiy intermediates of acetate oxidation. 
However, inasmuch as condensation to acetoacetate AA^as found to be a 
major metabolic reaction of acetate in kidne3% appears that ketone body 
formation may occur more generally than was hitherto realized. To this 
extent existing concepts of ketosis, based on the principle that ketone 
body formation is a special mechanism of fat metabolism, occurring exclu- 
siAxly in liA’er (9, 10), require revision. 

Alihougli the old concept of a coupling of fat and carbohydrate metabo- 
lism, exemplified in the familiar expression, “fats burn in the flame of carbo- 
liydratcs” fell into disrepute in recent years (9-11), there noAv exists a body 
of circumstantial CAudence indicating that the metabolism of fatty acids 
Avhether at the acetate or acetoacetate IcatI, is coupled Avith a carbohydrate 
intermediate, AA’hich may be oxalacetate. 

This cAudence may be summaiized briefly as follows; (a) Various studies 
suggest that in the Krebs cj^cle formulated for carbohydrate oxidation the 
substance undergoing reaction Arith oxalacetate is not pjTUA’’ate, but an 
acetyl deriA'atiA^e formed by oxidatiA^e decarboxylation of pyruA^’ate (11-13). 
(5) Other inA'cstigations indicate that acetate is oxidized via the Krebs 
cycle in yeast (14-16), and the recent report of Rittenberg and Bloch (17) 
suggests a similar mechanism in animal tissues, (c) The conclusion of 
Breusch (IS) and Wieland and Rosenthal (19) that acetoacetate is metabo- 
lized by animal tissues via the Krebs cycle, though disputed by Krebs and 
Eggleston (20),Avas confirmed recent I}'' by the isotope tracer experiments 
of Buchanan ct al, (21). 

Tlie studies referred to above constitute a basis for the belief that acetate, 
pyruvate, and acetoacetate are metabolized by a common patliAA'a}'’ in- 
volving as intermediates components of the Krebs cycle. It is therefore 
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conceivable that all three are convertible to a common intermediate which 
may be acetyl phosphate (13) or a “ketene*like” substance, as suggested 
by Martius (13). The condensation of ‘‘active” acetate with oxalacetate 
and thence through the Krebs or a similar cycle thus pro\ddes a common 
pathwaj^ for the complete oxidation of fatt}" acids and carbohydrates, as 
well as certain amino acids, in so far as they can yield acetyl groups (5, 6). 
According to this postulation, the ketone bodies are considered to be a 
transport vehicle for acetyl groups, being formed in tissue lacking in oxal- 
acetate, and carried by the bod 3 ^ fluids to others where they are reconverted 
to acetyl to enter into reaction with oxalacetate. Further details of the 
mechanism of fatty acid metabolism must await the identification of other 
intermediates of acetate metabolism in animal tissues. Such studies are 
now under way. 

SXTMilARY 

With isotopic sodium acetate, it was shown that conversion to ketone 
bodies is a major metabolic reaction in rat kidnej^ about 50 per cent of the 
acetate utilized being thus converted. In rat heart muscle, acetate is 
oxi(fized without intermediarj' conversion to ketone bodies. 

Our thanks are due Dr. H. C. Urey for the isotopic carbon used in this 
study. 
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A STUDY OF THE EFFECT OF GRO'WTH SUBSTRATE ON 
THE RESPffiATION OF AZOTOBACTER* 

Bt JOHN O. HARRIS 

(From the Kansas Agricultural Experiment Station, Manhattan) 

(Received for publication, August 21, 1&45) 

It is ^ell known that the medium upon which bacteria are gro^sn has a 
definite influence on the properties of the resulting cells. Several investi- 
gators (1-3) have reported that the physiolo^cal actmties of species of 
Azoidbader maj" be altered by the growth medium. This investigation 
was imdertaken to determine the response of Azoidbader cells to different 
organic compoimds available for respiration. 

The problem was divided into two parts: (a) growing the orga nism s 
on different energy sources and studying their physiological acti'vitj" to 
determine whether the substrate had any effect upon the enzymatic 
constitution of the cells, and (6) determining whether the Azofohader cells 
could adapt themselves to the ntilkation of a substrate other than the 
compound serving as the energy source for the growth of the organisms. 

EXPERUIENT-Ui 

All cultures used in these studies were tentatreely identified as strains 
of Azoidbader chroococcum Biej. Before a strain was used experimentally 
its growth characteristics were carefully studied, particular attention 
being ^ven to the purity of the culture and the stabilit 3 " of its colony 
characteristics. Cell suspensions were prepared by growing the cultures 
in an aerated mineral salts medium containing the desired substrate, 
according to the procedure described hy Harris and Gainey (4). When the 
organisms were grown in media containing the sodium salts of organic 
acids, the reaction of the medium tended to become alkaline but was 
maintained near the neutral point of brom-thymol blue bv* frequent addi- 
tions of the corresponding organic acids. 

Respiration studies were made with the Warburg t 5 'pe micro respiro- 
meter with the technique used hy Burk and Lineweaver (5). 1 ml. of 
0.05 M solution of the specific organic substrate was dumped from the 
side arm into the flask at the be ginnin g of the experiment. The flask 
contained from 300 to 500 million Azoidbader cells suspended in 0.03 M 

* The data herein reported were presented to the faculty of the Kansas State 
College of Agriculture and Applied Science as a thesis in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy. Contribution Xo. 230, De- 
partment of Bacteriology'. 
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phosphate solution (adjusted to pH 7.0) plus 0.0005 ri calcium as CaClj. 
All respiration data herein reported were obtained at 30®. Duplicate or 
triplicate hasks were employed in all cases. Endogenous respiration was 
practically nil; hence the error that might result from oxygen uptake by 
the cells in the absence of added substrate was negligible. 

Methylene blue reduction tests for the presence of specific dehydro- 
genases followed the usual Thunberg technique as described by Quastel 
and Whetham (6). Visual judgment of complete disappearance of the 
blue color, used as the criterion, is subject to large error, but the differences 
in the rates of reduction were of such an order that there can be no doubt 
regarding their significance. 


Table I 


Summary of Respiration of Cultures Grown on Mannitol and Glucose 


Strain of Azototacter 

Cultures grown on 

Oj utilized during initial 30 min. in presence of 

1 Glucose 

Mannitol 

10b 

Mannitol 

c.mm. 

16 

cjfim. 

74 

10b 


19 

125 

lOb 


17 

119 

44 


18 

70 

60 

1 

21 

89 

60 


' 13 

76 

10b 

Glucose 

52 

9 

10b 


58 

10 

44 


53 

10 

60 


79 

6 

60 


116 

3 

60 


74 

11 

60 


130 : 

8 


Effect of Growth Suhsiraies xiyon Respiratory Activity — The organic 
compound serving as the energy source for Azotohacter during the gron1;h 
of the cells will be referred to as the growth suhsirate. The compounds 
upon which the physiological activities of the cells were measured in the 
respirometer and Thunberg experiments \vill be spoken of as the respiration 
substrate. Since mannitol and glucose have been extensively used for 
the growth of tliis 'organism, and since Nilsson (1) has indicated that the 
dehydrogenase activity of Azotohacter differs in cells gronm on these two 
compounds, respiration studies were carried out nith three different 
strains of the organism gronm on glucose or on mannitol. The initial 
rates of oxygen uptake in the presence of these compounds during the 
first 30 minutes of the respiration experiments are given in Table I. No 
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particular effort ^^as taken to insure the same number of cells in the differ- 
ent cell suspensions; therefore the absolute rates of oxygen uptake for 
the different suspensions cannot be compared directly. Without exception 
far greater respiratory^ activity was obser\’ed when the cells were oxidizing 
the compound used as the growth substrate. For the cells grown on 
mannitol the respiration rate upon glucose was only 13 to 25 per cent of 
the rate on mannitol. Similarly the cells grown on gluco'^c utilized onh" 
3 to 19 per cent as much oxygen in mannitol solution a^ when in the pre^^ence 
of glucose. 

In order to study further the effect of the growth sub'^tinte upon res- 
piration, cultures were grown on media containing gluconate, succinate, 
lactate, acetate, mannitol, glucose, and ethyl alcohol as the energy' source. 


T^ble II 

Time Required for Reduction of Methylene Blue in Presence of Different Respiratory 
Substrates by Cells Groven on Various Groiclh Suhslrales (Culture CO) 


Time required for reduction of ineth>Icne blue in presence of 


Cells gTOxn on 

^Unmtol 

Glucose 

Gluconate 

Succinate 

LacUte 

Acetate | 

Alcohol 

Pyruvate 


run 

mm 

mm 

mtn 

mtn 

mtn 

mtn 

mtn 

Mannitol 

9 

00 1 

150 

180 

25 

60 

[ 210 

50 

Glucose 

90 

10 

4 

90 

4 

10 

GO 

13 

Gluconate 

240 

90 

7 , 

240 

50 

GO 

1 150 

50 

Succinate 

240 

150 i 

240 

25 

35 

240 

60 

GO 

Lactate 

240 

240 

240 

240 

5 

35 

120 

20 

Acetate 

360 

360 

360 1 

360 

120 

50 

180 

50 

Alcobol 

360 

360 

360 

360 

360 

360 

25 

120 


The values in bold-faced type represent homologous substrates 


The physiological activity of the washed cells was studied by both the 
respirometer and the methylene blue reduction techniques. In Table II 
are recorded the times required for the reduction of methylene blue by 
cells of Culture 60 growm and tested in the presence of the various com- 
pounds indicated. Since the su'jpensions from the different grow^th sub- 
strates varied in the concentration of cells, comparisons should be restricted 
to horizontal lines. The differences in the dehj'drogenase activities of 
cells from the seven growth substrates are quite marked With the ex- 
ception of cells grown on glucose, the most rapid reduction occurred when 
the hydrogen donor w as the same as the growi;h substrate. Considerable 
activity, hownver, was shown in the presence of lactate and acetate, 
regardless of the growth substrate. Succinate salts did not serve well as 
hydrogen donors except w'hen the cells w'ere grown on succinate. 

The comparative respiration rates of these same cells are given in Table 




14 


RESPIRATION OF AZOTOBACTBR 


III. The oxygen uptake in the presence of the gro\vth substrate has been 
taken as 100 per cent. In all instances, except glucose, the respiration 
was greater in the presence of the growth or homologous substrate than 
in the presence of any of the other compoimds tested. Again lactate 
and acetate were readily oxidized by cells grown on heterologous sub- 
strates. Curves showing the rate of oxygen utilization by four of these 
cell suspensions during a 2 hour period are given in Figs. 1 to 4. These 
graphs show that the compound which serv^-ed as the growth substrate 
of the cells has a marked influence on the ability of the organisms to cany 
on respiration in the presence of various respiration substrates. 


Table III 


Comparative Rates of Oxygen Uptake hy Azotohactcr Cells First 80 Minutes in Presence 
of Various Respiratory Suhsirates 
O 2 consumed in presence of homologous substrate taken as 100. 


Relative rate of 0: uptake in presence of 0.05 si 


Leils grown on | 

Mannitol 

Glucose 

Gluconate 

Succinate 

Lactate 

Acetate 

Alcohol 

Pyruvate 

Mannitol 

100 

17 

9 

13 

68 

89 

■9 

57 

Glucose ^ 

a 

100 

131 

13 

136 

80 


83 

Gluconate 

1 1 

32 I 

100 

10 i 

66 

69 

mm 

63 

Succinate 

0 1 

0 

0 

100 

78 

0 


16 

Lactate 

1 1 

1 1 

3 

19 ! 

100 

64 

10 

69 

Acetate 

1 ! 

3 1 

1 

9 

27 

100 

9 

47 

Alcohol 

13 

14 

5 

5 1 

0 

56 

100 

31 


The values in bold-faced type represent homologous substrates. 


Thus, both the measurement of oxygen uptake and the ability of the 
Azotobacter cells to reduce methylene blue in the presence of different 
substrates have sho^vn that the physiological activity depends to a con- 
siderable extent upon the compound serving as energy source during the 
gro%A"th of the cells. 

In all cases throughout the experiments the Azotobacter cells brought 
about a rapid utilization of the compound wliich served as the’ growth 
substrate. The uniformly high rate of oxygen uptake is sho^vn by the 
steep slope and almost straight line of the respiration curve. As has 
already been noted, certain other compounds were sometimes readily 
used. This is particularly true in the case of cells groMm on glucose which 
utilized gluconate, lactate, and acetate equally as rapidly as they did 
glucose (Table III). The ability of the cell to begin oxidizing these 
compounds immediately might indicate that they are intermediates in 
the dis.similation of the grov1;h substrate. 
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While cells in the presence of the growth substrate, and ccilain other 
compounds, showed initially high rates of Oj uptake and gave essentially 
straight line respiration cur\^es, a distinct lag was evident in the respiration 
curves of cells in the presence of most of the heterologous substrates 
studied. For example, when the cells were groum on lactate, ver>^ little 
oxygen was utilized in the presence of mannitol, succinate, glucose, or 
gluconate during the first 30 minutes of the experiment (Table III and 
Fig. 1). In many instances, however, respiration in the presence of 



LACTAT3 

acktats 


SUCCIHATB 

ALCOHOL 

CLUCOHATE 

GLUCOSE 

MAJiIIITOL 


heterologous substrates increased so rapidly that during the third or the 
fourth 30 minute period the rate of O 2 uptake approximated that in the 
presence of the homologous compound. This suggests that Azotdbacter 
cells may readily adjust their metabolic mechanism to the utilization of 
new respiration substrates. In order to show this adaptation or increase 
m the rate of utilization of new respiration compounds, the comparative 
rates of respiration during the last 30 minutes of the experiment are shoum 
in Table IV. Comparison of these values with those in Table III will 
reveal the degree of adaptation. Whereas large differences were apparent 
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between the rate of oxygen uptake on the gro^vth substrate and most 
other compounds during the initial 30 minutes, these differences became 
much less, in most instances, when comparisons were made during the 
final half hour of the 2 hour experimental period. It should be emphasized 
that no increase in the number of Azotohacter cells nor any measurable 
increase in size of the cells occurred during any of these short time experi- 



ments, as determined by actual cell counts and microscopic examinations 
before and after the experiment. 

The rate of increase or recovery from the initial lag in respiration varied 
with the different substrates and ^vith the cells grown on the various 
energy sources. The ease with Avhich the cells adapted themselves to a 
new substrate appears to bear some relation to the complexity of molecules 
of the new' substrate as compared with the grow^th compound. Cells 



J. o. HiVRRIS 


17 


gro^ra on glucose or on mannitol were able to adapt themselves to the 
utilization of succinate and alcohol quite rapidi3\ However, when the 
cells were growm on compounds of lower molecular weight, adaptation to 
mannitol or glucose did not take place so readily. Cells groum. on succinate 
gave no oxj^gen uptake on glucose, mannitol, gluconate, or acetate even 
after 2 hours in the presence of these compounds. An extended period 
of observ'ation probably would have sho^^Tl utilization of these compounds, 
since cells from the succinate suspension grew readily when streaked on 



mannitol agar plates. Cells gro\^Ti on all other substrata exhibited more 
or less adaptation for utilization of the various compoimds studied. The 
data suggest a rapid alteration in the enzymatic systems to make possible 
oxidation of the new respiration substrate. 

In order to determine whether this adaptation was related to the dehydro- 
genase activity (as measured by the rate of methylene blue reduction), 
cells grown on one substrate were aerated for a short time in the medium 
containing a different substrate. No increase in cell numbers occurred 
during this period. The cells were then thoroughly washed and respiration 
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studies carried out in the presence of each of the original compounds. In 
all iastances the hydrogen donors, originally only slightly utilized, were 
readily activated by such aerated cells. Results from two such experi- 
ments are presented in Table V. In the first experiment, cells grown on 
glucose required 90 minutes to reduce methylene blue in the presence of 
ethyl alcohol and only 4 minutes after having been aerated in the presence 
of alcohol. The possibility- of any appreciable amount of the original or 
intermediate metabolites being retained wdth the aerated cells was checked 



by the use of controls containing only cells, dye, and buffer. Measure- 
ments of oxygen uptake of the same cells employed in the above experi- 
ments gave similar results. 

These data also show that when Azotobader cells alter their metabolism 
to make use of a new substrate they do not immediately lose the power 
of activating the original growth substance. This might indicate the 
presence of two substrate-activating mechanisms. In the few experi- 
ments performed, KoVever, the oxygen uptake by such cells in the pres- 
ence of mixtures of the two substrates was found to be no greater than in 
comparable concentrations of either compound alone. 
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Limited studies of factors influendng the ability' of Azotobacler to adjust 
its respiratory system to new substrates indicate that certain conditions 
'which prevent growth also prevent adaptation. Increased hydrogen ion 
concentration, anaerobioas, dehciency of caldum, and the presence of 
cyanide or of dinitrophenol all tended to inhibit adaptation Avithout greatly 
affecting the oii^al dehydrogenase activity. 


Table IV 


Comparaiive Raicz of Oxygen Uplake during Final SO MinvUs of S Hour Respiralion 

E x perimenU 


RaIc of respir&tios in presence of 0B5 x 


Ceiagroirn on 



Hurcitol 

Gincose 

1 GIcconAte 

Sacdnxte 

lACtAte 

Alcohol 

Tjnmte 

Mannitol 

100 

105 

129 

83 

117 

136 

131 

Glucose 

51 

100 

102 

78 

87 

72 

91 

Gluconate 

St 

85 

100 

63 

85 

82 

88 

Succinate 

10 

0 

0 

100 

98 

65 

96 

Lactate 

45 

60 

72 

101 

100 

76 

111 

Acetate 

16 

43 

46 

55 

63 

76 

107 

Alcohol 

39 j 

33 

35 

45 , 


100 

51 


The values in bold-faced type represent homologous substrates. 
See the note above Table IIL 


Table V 

Adaptation As Shoim by Methylene Blue Redueiion Teett 


ExperinentNo. 


Tirae reqmrcd for rednctlon of 
methyl^e bice in presence of 


Glccose 

Minnitol 

Ethyl 

alcohol 

Cells 

only 



mtM, 

win. 

rti». 


L Cells groim on glucose 

No treatment 

12 


90 

+180 


Aerated 4 hrs. in alco- 

12 


4 

+150 


hol medium 





IL “ ** »* mannitol 

No treatment 

150 

7 


+300 


Aerated 2 hrs. in glu- 

25 

10 


+300 


cose medium 






SUMMARY 

The organic compound serving as the growth substrate for Azotohader 
has marked influence on the subsequent respiratory activities of the re- 
sulting cells, as measured by oxygen uptake and reduction of methylene 
blue in the presence of a number of common respiratory substrates. When 
placed under favorable conditions, Azotohader cells are capable of adapting 
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their respiratory system to the utilization of new compounds in relatively 
short periods of time, usually less than 2 hours. 
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INHIBITION OF ALKALIKE SERUIM PHOSPHATASE 
ACTmTY DURING LD^R DISEASE* 

Bt victor a. DRILB A^^) D. S. RIGGS 

{From the Department of Pharmacology , Yale University School of Medicine, NewHaven, 
and the Laboratory of the Fairfield State Hospitalj Neictovmj Connecticut) 

(Received for publication, September 26, 1945) 

Studies have been made on the effect of various ions on the acti^dty of 
the alkaline phosphatases extracted from tissues. The cyanide ion may 
activate, inhibit, or be without effect on alkaline phosphatase activity, 
depending on the particular enzyme and the tissue from which it was 
extracted (l-o). It has been reported that the increase in serum phos- 
phatase acthdty in dogs with hepatic damage may be inhibited b 3 " adding 
sodium cj-anide to the phosphatase substrate (6). In the present paper 
further observations have been made on the effect of c^'anide, fluoride, 
and magnesimn on the serum phosphatase activity of patients with hepatic 
damage. 


Methods 

Inorganic serum phosphate and alkaline serum phosphatase were deter- 
mined according to the method of Bodansky, ^-gh'cerophosphate being 
used as substrate (7). A Klett-Summerson photoelectric colorimeter 
was used to determine the phosphate ion. The substrate was also pre- 
pared with the following concentration of salts: MgSO< 0.01 jr, NaF 
0.01 M, NaCN 0.0001 to 0.1 m. A concentrated solution of the appro- 
priate salt was made in the substrate-buffer mixture, the pH adjusted 
to 9.2, and then diluted with further substrate to the desired molarity. 
The venous blood samples of the normal subjects and patients with liver 
disease were taken during the morning, but not under fasting conditions, 
since a small amount of food does not significantly alter the phosphatase 
level. 


Results 

The effect of cj^anide on the serum phosphatase acthity of normal 
subjects was tested first. Concentrations of NaCN from 0.0001 to 0.1 m 
had onl}^ a slight effect on the phosphatase activity of these individuals 
(Table 1), the average reduction with 0.01 m NaCN being 1.4 units. Tests 

* This study was aided by a grant from the Fluid Research Fund of Yale University 
School of ^Medicine. 
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were tten made on patients with known hepatic damage in whom the 
phosphatase activity ranged from 4.25 to 23.69 units per 100 cc. of serum. 
When the initial phosphatase value was above normal, increasing the 
molarity of the NaCN produced a marked decrease in the phosphatase 
value (Table I). The average reduction of activity vdth 0.01 m NaCN 
was 9.7 units. The average reduction in the number of phosphatase 

Table I 


Effect of Varioxis Concenirations of NaCN on Serum Phosphatase Activity 



In or- 

NaCN added to phosphatase substrate 

Name 

ganic 

phos- 

phorus 

None 0.0001 si 

0.001 U 0.0025 U 0,005 SI 

0.0075 sc 0.01 K 0.05 sc 0.1 v 


Phosphatase units per 100 cc. serum 

Normal subjects 



1 mg, per 
JOO cc. 

1 

1 









D.R. 

2.99 

3.2? 

3.49 


2.84 


2.57 

2.33 

2.77 

2.40 

L. M. 

3.74 

5.36 

6.34 

5.20 

3.26 

2,21 


1.98 

2.15 

2.12 

L. P. 

2.90 

3.19 

2.94 



2.11 


3.06 

2.87 

3.06 

F. P. 1 

2.93 

3.10 

3.36 


2.98 

2.34 


1.66 

1.52 

1.52 

V.D. 

1.75 

3.43 

3.36 

3.34 

3.52 

3.18 


2.61 

2.61 

2.98 

W. W. 

3.02 1 

2.18 i 

2.33 

2.03 

1.83 

2.03 

1.75 

1.84 




Patients vnlh hepatic damage 


F. 

2.71 

4.25 

3.94 

3.82 

1.84 

2.26 

1.35 

2.19 

2.12 

2.54 

E.D. 

1.22 

7^88 

; 8.52 


5,00 



2.52 

2.77 

2.90 

McC. 

2.77 

8.51 

8.22 

6.39 

4.76 

3.35 

2.36 

2.64 

2.43 

3.00 

S. M. 

2.12 

9.38 

' 9.88 

2.58 


1.18 

2.46 

2.39 

1.93 

2.09 

K. 

2.74 

10.36 


9.14 


3.72 


3.65 

3.37 

3.79 

C. 

2.95 

10.52 



3.79 

3.34 

1.56 

2.33 

2.84 

3.35 

C. K. 

1.52 

10.77 

10.58 

I 

6.86 


3.44 

2.32 

2,56 

1.84 

M.K. 

3.80 

14.39 

15.50 

12.20 

7.21 

4.03 

4.55 

4.34 

4.96 

4.96 

BcN. j 

1.94 

16.47 


8.80 


3.36 


2.70 

2.19 

2.28 

A. J. 

2.21 

16.63 

15.77 


7.03 

5.62 

4.77 

4.24 

3.15 

3.02 

DcN. 

2.34 

20.37 

19.90 

11.72 

6.84 


4.93 

4.46 

4.92 

4.52 

A. J. 

2.52 

23.69 


10.12 1 


4.64 



2.26 

3.38 


units varied \vith the initial serum level, and was greater when the original 
level was higher. Further, the NaCN inhibited the phosphatase activity 
to values that are essentially normal. As the concentration of the NaCN 
was increased, the phosphatase activity was reduced to normal values, 
but did not go below normal even when concentrations of 0.0075 m or higher 
were employed. Maximum inhibition was obtained between 0.0025 and 
0.0075 M NaCN in most cases. Inasmuch as this actmty is inhibited by 
NaCN, it would seem that the increased serum phosphatase activity in 
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these patients with hepatic disease is chiefly due to an alkaline phosphatase 
that is sensitive to NaCN. 

In the normal subjects MgSOi (0.01 m) had a slight activating effect 
on serum phosphatase activity. NaF w'as without any significant effect. 
The inhibition produced by 0.01 m NaCN vras also obser\"ed in the presence 
of Mg (Table II). In the patients with hepatic damage Mg also had a 
slight activating effect on phosphatase activity, although in tw'o cases 
inhibition was obsen’’ed. No constant effect of NaF w’as observed in 
these patients, but in general a slight inhibition was produced. The 


Table II 


Effect of CyanidCf and Fluoride Ions on Serum Phosphatase Activity 


Additions to phospliaUM substrate 


Ntrae 


0.01 V Me 

Oi)l 1C N»CN 

OJJlicMr. 
0.01 1 C NaCK 

0.01 1C F 


OJOl u Ms, 
O.OIuF 


Phosphatase units per 100 cc. serum 


Normal subjects 


B.R. 

3.25 

4.22 

2.33 

2.40 

3.85 

4.00 

L. M. 

5.36 

7,51 

1.98 

2.02 

4.00 

3.70 

L. P. 

3.19 

4.49 

3.06 

3.31 

3.70 

4.21 

F. P. 

3.10 

5.14 

2.66 

2.72 

2.63 

4.72 

V.D. 

3.43 

5.17 

2.61 

2,84 

3.06 

3.98 

W. W. 

2.18 

3.19 

1.84 

1.79 

2.26 

3.31 


Patients with hepatic damage 


A. J. 

23.69 

15.62 

2.75 

4.16 

21.67 

27.22 

K. 

10.36 

11.37 

3.65 

4.14 

9.65 

10.66 

DeN, 

16.47 

20.25 

2.70 

3.50 

19.08 

19.21 

M. K. 

14.36 

15.69 

4.34 

4,29 

14.76 

15.87 

DeN. 

20.37 

23.21 

4.46 

3.33 

16.25 

22.27 

A. J. 

16.53 

17.00 

4.^ 

3.88 

15.77 

15.96 

C.K. 

10.77 

9.80 

2.32 

2.19 

10.20 

10.20 

E.D. 

7.88 

9.72 

2.52 

2.69 

7.47 

8.95 


characteristic inhibition of 0.01 M NaCN was again observed in the pres- 
ence of Mg (Table 11). Magnesium plus fluoride did not produce any 
noteworthy response. 

It seemed possible that w’hen serum was added to the substrate con- 
taining NaCN some of the substrate might be hydrolyzed before sufficient 
tune had elapsed for complete inhibition of the phosphatase. In order 
to test this possibility serum was incubated with NaCN before the sub- 
strate was added. A 0.1 m NaCN solution was adjusted to pH 9.2 without 
buffer or substrate. This solution was diluted with distilled water to 
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the desired molarity. 0.5 cc. of the NaCN was incubated \vith 0.5 cc. 
of seium for 10 minutes at 37°, the final molarity of the NaCN being 
indicated in Table III. After 10 minutes of incubation 4.5 cc. of buffered 
substrate, containing the same concentration of NaCN, were added and 
hydrob’^sis carried out for 1 hour. The inhibition observed in control 
subjects is not significantly different from the standard procedure in Table 


Table III 


Alkaline Serum Phosphatase after Preinenbaiion with KaCN 




Concentration of NaCN added 

Name 

Inorganic 

phosphorus 

1 None 

0,0001 u 

0 001 u 

0.005 ii j O.OI M 1 

O.OSxr 



[ Phosphatase units after preincubation for 10 min. 


Normal subjects 


T. L. 

mg, per 100 cc. 

2.87 

2.49 

1.43 

1.02 

0.68 

0.83 


MacC. 

S.87 


1.73 

1.48 

1.58 

1.58 

1.51 

M. M. , 

mSSm 


3.00 

1.20 

0.90 

1.25 

1.45 

V.D. 


2.60 

2.45 

2.05 

1.85 

1.95 

mSm 

N.H. 

2.87 

1.78 

1.33 

0.63 

0.78 

0.53 

mSi 


Patients with hepatic damage 


H. P. 

1.85 

3.65 

4.00 

^ 2.25 

3.30 

2.70 

2.65 

J. M. 

1.25 

4.65 

5.20 

' 2.75 

1.45 

1.70 

1.80 

(t 

2.50 

5.25 

5.50 

1 5.45 

2.20 

1.55 

1.80 

H.S. 

1 3.25 

6.40 

5.75 

3.10 

1.60 

0.90 

1.10 

H.B. 

3.45 

6.45 

6.55 

6.05 1 

5.30 

1.55 

1.25 

A.T. 

2.37 

6.88 

7.38 

8.63 1 

6.38 

2. 38 

3.03 

A.M. 

3.62 

7.23 

7.83 

7.38 i 


5.01 

2.23 

S. 

3.83 

8.28 

8.23 

9.13 i 

8.27 

2.13 

1.43 

G.F. 

4.00 

8.30 

8.50 

8.75 j 

5.00 

1.50 

1.25 

S.M. 

2.25 

8.75 

8.95 

2.50 1 

2.80 

3.00 

1.05 

A. J. 

2.87 , 

13.93 

12.33 

7.03 ! 

3.03 

2.78 

2.03 

J.M. 

1.72 i 

14.03 1 

16.53 

15.78 1 

i 

11.28 

4.43 

I 

4.03 


I, and the findings by tliis technique (Table III) confirmed the conclusions 
dravm from Table I. 


DISCUSSION 

In patients with hepatic damage and seium phosphatase values above 
normal, the addition of NaCN to the substrate inhibited phosphatase 
acthnty to essentially normal values. The increase in serum phosphatase 
during hepatic damage cannot be due to a hexosediphosphatase, as tliis 
enz^Tne vill not act on ^-gl3’’cerophosphate, and, further, it is activated 
b}' cyanide (5). Cl oe tens (4) has prepared e.xtracts of liver tissue which 
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he fractionated into alkaline phosphatases I and II. Alkaline pho'^phatase 
I was not inhibited by 0.01 m KCN but its acti\dty was reduced by 0.01 
M KP. Alkaline phosphatase II was unaffected b}" 0.01 m ICF but was 
completely inhibited by 0.01 m KCN. In the present study the effect 
obtained \Wth NaCN and XaF on the serum phosphatase activity would 
suggest that the elevation of phosphatase in serum from patients %\dth 
hepatic damage may be due to an enzyme corresponding to Cloetens* 
alkaline phosphatase II. The same results were obtained in dogs ^\*ith 
liver damage (6). 

The effect of NaCN does not depend on the initial concentration of 
phosphatase in the serum. The same effect of increasing concentrations 
of NaCN was obtained when the initial values of phosphatase ranged from 
slightly above normal to as high as 23.69 units per 100 cc. of serum. This 
was further checked by diluting some of the sera 'with saline before incu- 
bating 'with NaCN. When this was done, the relative amount of inliibition 
was the same as in the undiluted serum. The results were also independent 
of the type of liver damage. Pro\aded the initial concentration of serum 
phosphatase was above normal, NaCN produced the same characteristic 
effect. 


SUMMARY 

A concentration of 0.01 m MgSO* had a slight stimulating effect on the 
alkaline phosphatase acti\’ity of serum from normal subjects and from 
patients with hepatic damage. Sodium fluoride (0.01 ii) Avas Arithout 
Siny marked or consistent effect. 

Concentrations of NaCN from 0.0001 to 0.1 m had a small inhibitory 
effect, averaging 1.4 units, on the serum phosphatase actiAit}* of normal 
indhdduals. In patients with high serum phosphatase A'alues due to 
Ireer damage the addition of NaCN to the substrate inhibited the increased 
phosphatase act hit y, returning the values to normal leveh?. With in- 
creasing concentrations of NaCN the serum phosphatase acti\ity decreased 
to normal values, but the values did not go below normal. It is suggested 
that the increase in alkaline serum phosphatase obsen’ed during liver 
damage is due to a phosphatase or phosphatases that are sensitive to NaCN 
even in the presence of magnesium. 
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ANALYTICAL DETERMINATION AND SO]ME PROPERTIES OF 
SE\^RAL THYROID-INHIBITING COMPOUNDS AND 
OF SUBSTANCES RELATED TO THEINI 

Br HALVOR K. CHRISTENSEN 
(From The Mamj Imogene Bassett Hospital, Cooperstoxcn, A’eir Yorh) 

(Received for publication, October 10, 1945) 

Of the large number of substances studied by Astwood (1) and by Ast- 
wood, Bissell, and Hughes’ "with regard to their inhibitory' effects upon the 
thyroid gland, a number vrere found to be more effective than was 2-thio- 
uracil’ in rats. Most of these are substituted 2-thiouracils (2), the sub- 
stituent being a hydrocarbon group in either the 5 or 6 position, or in both, 
substitution in the 6 position yielding the more active compounds. On 
the other hand if the substituent in the 6 position was an amino or a car- 
boxyl group, the activity of thiouracil was lost. Also among the highly 
active compounds were the dissimilar structures, 5,5-dieth3’l-2-thiobarbi- 
turic acid, 2-mercapto-5-amino-l ,3 ,4-thiadiazole, and 2-mercaptoimidazole. 

This communication reports the results of the application of analytical 
procedures to a number of active sulfur compounds and related inactive 
substances, and a study of the ultrafiltrability of these compounds when 
added to serum, by techniques previously applied to thiouracil (3). 

EXPERIMENTAL 

The compounds studied were ciystalline preparations, in most cases sup- 
plied through the kindness of Dr. E. B. Astwood. Thiourea and thio- 
barbituric acid were products of the Eastman Kodak Company. N -Acetyl- 
and N,N'-diacetylthiourea were prepared according to Werner (4). All 
of these substances were used in the form of freshly prepared solutions 
containing 1 mg. per ml., prepared by the addition of an equivalent or less 
of alkali except in the case of the acyclic compoimds and of dihydrothio- 
uracil and 2-mercaptoiinidazole, which dissolved readily in water without 
alkali addition. 

Bitidy of Analyiical Procedures for These Compounds — ^The 6-substituted 
2-thiouracils could be determined in serum ultrafiltrates or in cerebrospinal 
fluid by the application of a modified Grote’s reagent, as described for 
2-thiouracil (3). Study of the absorption spectra of 2-thiouracil, 6-n- 
propyl-2-thiouracil, and 6-benzyl-2-thiouracil indicated that the colorants 
were very similar although not identical. The relative depths of color 
produced as measured by the Coleman universal spectrophotometer at 

* Astwood, E. B., Bissell, A., and Hughes, A. M., unpublished results. 
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660 m/i are shown in Table I. These relationships were modified when the 
observations Avere made at a greater wave-length. When the substituting 
group was a hydrocarbon group containing up to 3 carbon atoms, or a car- 
boxyl group, these compounds could be recovered from serum (Table I) by 
the use of p-toluenesulfonic acid as the deproteinizing agent, as previously 
described (3).= With larger hj’-drocarbon groups recoveries were incom- 
plete, ’being less than 50 per cent for 6-phenethylthiouracil. The failure to 


Table I 

Recovery of Derivatives Added to Scrum, ^vith Subsequent Deproteinization by 

p-Tolucncsulfonic Acid 


Compound 

Relative optical | 
I density per 
! mole; 2-thio- j 
! uracil » 100 i 
at 660 

Serum 

concentration 

Recovery from 
serum 



mg. per cent 

per cent 

6-Methyl -2-thiouracil 

88 

5.0 

98, 91 

6-Ethyl -2-thiouracil 

! 113 

5.0 

93, 99, 88 

6-Propyl-2-thiouracil 

! 109 

5.0 

100, 92 



1.0 

93, 87 

6-He-xvl -2-thiouracil 

' lOS 

5.0 

55, 64 

6-Benzyl-2-thiouracil 

117 

5.0 

69, 67, 76, 


1 


52 

G-Phcnethyl-2-thiouracil 

113 

5.0 

45, 40 

6-Carboxv-2-thiouracil 

87 

5.0 

95, 98 

6-Amino-2-thiouraciI 

109 

4.4 

64, 68 

Dihydro-2-thiouracil 

2-60* 

5.0 

101, 100 

4-Thiouracil 

* 

5.0 

102, 97, 98 

2-Thiobarbituric acid 

2S* 

2.0 

95, 104 

5,5-Dicthy]-2-thiobarbituric acid 

♦ 

5.0 

95, 107, 100 

1 


4.0 i 

92, 98 

2-Mcrcapto-5-amino-l , 3,4-thiadiazole 

126*t 

5.0 

90, 75, 60 

2-Mcrcaptoimidazole 

48* 

4.0 

91, 94 


* Colors not comparable, 
t Compared at 700 nifx. 


recover these compounds was not a result of their solubility being exceeded 
during deproteinization. G-Aminothiouracil also was not well recovered 
from serum. 

* As deproteinizing agent a combination of hydrochloric acid and trichloroacetic 
acid has been used in place of p-toluenesulfonic acid. To 2 ml. of serum are added 
3 ml. of N hydrochloric acid and then 5 ml. of 5 per cent trichloroacetic acid. Fil- 
trates obtained by this procedure have not shown turbidity upon neutralization; 
hence the use of chloramine*T (3) is omitted. Recoveries by this procedure were 
satisfactorj’ for the substances tested, thiouracil, 6-propylthiouracil, and 5,5-di- 
ethyllhiobarbituric acid. (Unpublished results, Christensen and Paul Fenimorc 
Cooper, Jr.) 
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Dihydro-2-tliiouracil showed an unusual behavior vdth the color reagent. 
Freshly prepared solutions in water gave a color having an optical density 
at 660 mp. of oxAy about 2 per cent of that obtained with the same amount 
of thiouracil. Samples held for some hours at various pH values showed 
upon subsequent treatment vnth modified Grote^s reagent at pH 8 a depth 
of color which niis related to the pH of the fore period. The greatest color, 
obtained after storage in 0.1 N sodium hydroxide, was about 60 per cent of 
that obtained ^rith 2-thiouracil. Analyses could be obtained for dihydro- 
thiouracil by holding standards and unknon*ns at the same pH (8.0) for 
24 hours at room temperature before addition of the color reagent. The 
transmittance was read at 610 m^z. 

The color given by 4-thiouracil 'with Grote^s reagent differed according 
to whether or not the Grote’s reagent was incubated Avith gljxine before 
use. In the former case a dark brown color was observed with high 
absorption at wave-lengths of about 500 and 700 mp, Avhereas in the latter 
case a green color similar to that of 2-thiouracil AA*as obtained. The follow- 
ing analytical procedure Avas adopted. To 5 A^olumes of a solution con- 
taining 44hiouracil AA'ere added 1 A’^olume of a 0.5 m phosphate buffer AA’hich 
upon 1:6 dilution had a pH of 7.2, and 1 A'olume of a 1 :5 dilution of Grote’s 
reagent which had been left at room temperature 30 minutes before use. 
The dilute Grote’s reagent lost much of its color at room temperature, but 
not as much as Av’hen incubated AA-ith a glycine solution. Transmittances 
were read at 700 m/z. Dihydrothiouracil and 4-thiouracil were not lost 
during deproteinization of serum A\*ith p-toluenesulfonic acid. 

2-Thiobarbituric acid gaA^e a blue-green color with Grote's reagent, al- 
though much less color than the 2-thiouracil deriA’atiA'es. 5,5-Diethyl- 
thiobarbituric acid, on the other hand, gaA’e a broAATi color AAith a maximum 
absorption slightly below 500 m^. The depth of this color AA*as sensitive 
to small pH differences, the absorption being greater at lower pH. When 
developed at pH 5 to 6, a deep salmon color was obtained, AV'hich appeared 
and faded rapidly. The anabdical procedure adopted Avas the same as 
for 4-thiouracil except for three points: as diluent for Grote^s reagent, 0.1 m 
glycine was used instead of water, the diluted Grote’s reagent AA'as incu- 
bated at 38° instead of at room temperature, and the transmittance was 
determined at 500 m/z. This modified procedure also gaA^e good results 
Avith 2-thiouracil and its deriA^ath^es. Pentothal gave a blue-green color 
of loAA" intensity. Both thiobarbituric acid and its diethyl deri\^ative were 
recovered readily from serum after deproteinization by p-toluenesulfonic 
acid. 

2-Mercapto-5-ainino-l ,3 ,4-thiadiazole could be determined by the 
procedure described for 2-thiouracil, although the absorption spectra of the 
pigments were different. The transmittance was read in this case at 700 
m;z. Hecoveries from serum were not complete for this agent (Table I). 
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2-Mercaptoiinidazole also was readily determined by use of the modified 
Grote’s reagent, and was not lost during deproteinization of serum by 

Table II 


VUrafilirahiliiy of Derivatives in Serum 


i 

Thyroid 
effect found 
by Astwood 
etal,r . 
2-thiouracil 

Source of 
scrxim 

Concen- 

tration 

pH, 25" 

Per cent 
ultra- 
filtered 




ff»r. per 100 






gm, HiO 



6-McthyI-2-thiouraciI 

1.0 

Pooled 

5.30 


35 


H.N.C. 

2.55 


22 

C-Ethyl-2-thiouraciI 

7 

a 

5.35 ' 

7.54 

13 



t( 

3.05 

7.53 

6 

6-n-Propyl -2-thiouracil 

11 

Pooled 

10.5 

7.51 

8 



it 

5.26 

7.51 

5 



(( 

2.67 1 

7.49 

5.6' 

6-n-Hexyl -2-thiouracil t 

0.2 

H.N.C. 

5,25 ' 

7.50 

0.5 

6-Benzyl -2-thiouracil 

10 

Pooled 

10.5 i 

7.59 

2 



H.N.C. 

5.34 

7.42 

2 



(1 

3.00 

1.92 

24 

G-Phcnethyl-2-thiouracil 

1.2 

(1 

5.40 

7.55 

2 



Pooled 

3.00 

7.52 

2 

6-Carboxy -2-thiouracil 

0.00 

It 

5.34 

7.50 

' 28 



H.N.C. 

3.00 

7.55 

18 

6-Amino-2-thiouracil| 

0.00 

tt 

4.70 

7.42 

1 

Dihydro-2-thiouracil 

0.1 

Pooled 

3.07 

7.48 

85t 



H.N.C. 

5.40 

' 7.57 

38§ 

4-Thiouracil 

0.03 

ft 

5.30 

7.53 

2 



1 Pooled 

3.49 

7.56 

2 

2-Thiobarbituric acid 

0.00 

! 

5.30 

7.60 

65 



H.N.C. 

3.06 

7.48 

55 

5,5-Diethyl-2-thiobarbituric acid... . 

2.0 

; Pooled 

5.00 

7.53 

44 



If 

3.07 

7.37 

15 

2-Mercapto-5-amino-l , 3,4-thiadia- 






zolct 

1,6 

H.N.C. 

5.40 

7.54 

2 

2-McrcaptoimidazoIe 

2 

tt 

5.40 

7.51 

45 



tt 

3.07 

7.50 

30 


* Effect upon the weight and iodine content of the thyroid glands of rats. Ast- 
wood, E. B., Bissell, A., and Hughcs> A. M., unpublished results, 
t Experiments with similar results are not recorded. 

X Dihydrothiouracil freshly dissolved. 

§ Dihydrothiouracil held at pH 12.5 for preceding 24 hours. 


p-toluenesulfonic acid. A comparison of a portion of its absorption spec- 
trum vrith that of 2-thiouracil is shown in Fig. 1. 
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By the procedures described above these substances showed satisfactory 
relationships between concentration and optical densitj". However, stand- 
ards were run in each case simultaneously to establish the relationship. 

UltrafiUrahtliiy of These Compounds in Human Serum — TJltrafiltration 
was carried out as described earlier (3) at room temperature, which varied 
from 22-27°. In each case a sample of serum containing a similar concen- 
tration of the test substance was kept in a tonometer over mercury to 
simulate the conditions of the ultrafiltration. Recoveries from these 
samples were either complete or similar to recoveries with freshly mixed 
serum and sulfur compound. The serum used in these experiments was 
either a pooled specimen from three or more individuals, or a sample from 
the same normal donor. The results are recorded in Tables 11 and m. 

Table III 


of Serial Samples during UUrafiUralion of Serum Containing 
D ih ydrotkiouracil 


Experiment 

No 

Pretiratmcnt of 
dl>> dro thiouracil 

Period 

Original 

concen- 

tration 

pH,2S* 

Cbnccntra- 
tian o! 
cltraSltrate 




jBf . ffr ICO 


ir^ per ICO 




fin ^Ur 



I 

Dissolved in water 

Ist 6 hrs. 

5.35 

7.57 

3.3 


just before use 

1 

Subsequent 12 hrs. 



2.2 

II 

24 brs. at pH 12-13 ^ 

l3t 6 hrs. 

5.33 

7.35 

3.2 



Subsequent 12 hrs. 



3-3 

III 

24 « “ “ 12-13 

1st 6 hrs. 

5.35 1 

7.00 

2.0 



Subsequent 12 hrs. 



2.1 


Substitution of a methj'l group in position 6 of 2-thiouracil appeared to 
decrease the binding by proteins, but with larger hydrocarbon groups the 
binding increased to practicall 3 ^ complete in the case of the hexyl and 
phenethyl derivatives. The solubilities of the hexyl, benzyl, and phenethyl 
derivatives in 0.1 m phosphate at a final pH of 7.51 at about 25° (6 hours 
of agitation) were 7.7, 10.5, and 3.3 mg. per cent respectively^ Hence 
the solubilities of these compounds were probably not exceeded, except 
possibly' in one exi>eriment with 6-phenethy'lthiouracil. The 6-carboxy'l 
group decreased the binding, whereas the 6-amino group produced almost 
complete combination with proteins. 

Electrometric titration of G-methyd- and G-propy'lthiouracil, as previ- 
ously' described for thiouracil (3), indicated pK' = 8.01 and 8.17, respec- 
tively'. Substitution of alkyd groups at position 6 thus appeared to decrease 
the dissociation of the mercapto group. 

The product of hy’drogenation of 2-thiouracil at the 5 and 6 positions. 
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THYROID-INHIBITING COMPOUNDS 


dihydrothioumcil, showed some inconstancy in ultrafiltrability. When 
this compound was held in an alkaline solution overnight before being 
added to serum, the binding was greater than vith freshly dissolved di- 
hydrothiouracil. In the latter case, removal and analysis of serial samples 
of ultrafiltrate during ultrafiltration showed a decreasing concentration. 
However, if the sulfur compound had first been held in alkaline solution, 
a stead}*’ concentration was observed in the ultrafiltrate (Table III), 

The conclusion dravii is that dihydrothiouracil underwent a rearrange- 
ment, rather sluggishly at pH 7 to 8, more quickly in more alkaline solution 
to a form wliich was bound more strongly by serum proteins. This rear- 
rangement is probably the same as that required for color vith Grote’s 
reagent by this compound. That this rearrangement involved the forma- 
tion of the sulfhydr}d group (in either the dissociated or undissociated 
form) was suggested by the observation that this substance showed delayed 
neutralization. Upon addition of less than 1 equivalent of alkali the pH 
rose above 10 and fell gradually during several hours to reach stable values 
in the region of pH 6. 

4-Thiouracil and 2-mercapto-5-amino-l,3,4-thiadiazoIe were present 
only in small concentrations in ultrafiltrates of serum to Avhich they had 
been added. 2-Thiobarbituric acid was mainly filtrable, whereas 5,5- 
diethylthiobarbituric acid and 2-mercaptoimidazole were somewhat less so. 
It may be seen that the recoveries from serum vath p-toluenesulfonic acid 
as protein precipitant reflected the degree of binding by serum proteins 
shovm by ultrafiltrations above pH 7 ; those which were less than 3 per cent 
ultrafiltrable could not be recovered from serum, 4-Thiouracil was the 
exception. 

Further Ohservations upon Color Reaction loiih Modified Groie’s Reagent — 
Tliiourea and its i\^-alkyl derivatives yield a royal blue with Grote’s reagent, 
with maximum absorption near 600 m^i, whereas 2-thiouracil, some of its 
derivatives, and a number of other structures give a blue-green color, vith 
maximum absorption above 060 m//. In an attempt to define the struc- 
tural features which modify the color given by thiourea, parts of the 
spectra of the colorants due to thiourea, N,N'-tetramethylthiourea, N,N'- 
cthylcnethiourca, 2-mcrcaptoimidazole, N-acetylthiourea, N,N'-diaeetyl- 
thiourca, 2-tluouracil and some of its 6-alk3d derivatives, dihydrothiouracil, 
and 2-thiobarbituric acid were studied. Some of the results are shown 
in Fig. 1. iVlkyl derivatives of thiourea gave spectral absorption curves 
very similar to that of thiourea, ethylenethiourea (I) giving optical densities 
almost identical to those given by thiourea (mole for mole), whereas tetra- 
methylthiourea gave somewhat more color. The N-monoacyl derivatives 
of thiourea, N-acetylthiourea and dihydrothiouracil, gave only sfightly 
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modified curves, vrhereas with 2-mercaptoiinida2ole, 2-thiouracil and its 
fi-alkjd derivatives, 2-thiobarbituric acid, and 2«inercaptO'5-aniinc>-l,3,4r 
thiadiazole the maxiina were shifted to above 660 mp. 2-Mercapto-5- 
aminO'l,3,4-thiadiazole gave a blue-green color with Grote's reagent, 
despite the absence of the N — C(==^) — N structure. 



Fig. 1. Spectral transmittance curves of colorants formed with modified Grote's 
reagent, Curve 1, 0.71 mg. per cent of 2-thiouracil; Curve 2, 3.57 mg. per cent of 
2-thiobarbituric acid; Curve 3, 1.16 mg. per cent of 2-mercaptoimidazole; Curve 4, 
0.71 mg. per cent of thiourea; Curve 5, 1.43 mg. per cent of dih\'dro>2-thiouracil;and 
Curve 6, 14 mg. per cent of N-acetjdthiourea. 


DISCUSSION 

The two compounds ethylene thiourea (I) and 2-mercaptoiimdazole (U) 
illustrate one structural feature which modifies the color reaction. The 
latter contains a double bond which is in conjugation with the double bond 
produced by enoh'zation (III). This feature is present also in 2-thiouraciI 
and its 6-substituted derivatives and several other structures which gave 
a similar color reaction. 

S S SH 


C 

HK NH 

I I 

CH- CH* 
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HK KH 

I 1 

CH==CH 
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CH==CH 
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THYROID-INHIBITING COMPOUNDS 


The beha\Tor of dihydrothiouracil suggests that the mercapto form of 
this substance is the one which yields the color reaction, since the formation 
of a titratable group and a chromogenic structure proceeded at similar 
slow rates under the same conditions. A greater lability in the desmotropy 
of thiouracil than of dihydrothiouracil might be anticipated, since a con- 
jugated ring system can result in the former case. The blue color reaction 
given by thiourea probably does not require the formation of a mercapto 
group, since N,N'-tetramethylthiourea gave even more color than thiourea. 
Formation of the mercapto group by desmotropic change would probably 
be blocked by the methyl groups. 

The mercapto form (either in dissociated or undissociated state) appears 
to be much more strongly bound to proteins than the C=S form. This 
is suggested by the absence of binding in serum of thiourea (5) which is 
little dissociated at pH 7 to 8, by the only moderate binding of 2-mercapto- 
imidazole, wliich is slightly more dissociated in this region, and by the 
relation of the binding of thiouracil to pH (3). The behavior of dihydro- 
thiouracil in passing to a more strongly protein-bound state under condi- 
tions in which it was assuming a more titratable structure supports this 
conclusion. 

No direct relationship is to be seen between the thyroid activity of these 
compounds and their behavior uith respect to serum proteins. Among 
the highly active substances 2-mercaptoimida2oIe and 5,5-diethylthio- 
barbituric acid showed the least binding by protein. Of the three com- 
pounds sho^ving the highest order of activity, B-ethyl-, 6-propyl-, and 6- 
benzylthiouracil, the first two Avould be recommended if it is accepted that 
a liigh affinity for serum proteins is undesirable. 

Of the highly active compounds studied analytical procedures for the 
determination of serum concentrations are provided by these experiments 
for all but two (G-benzylthiouracil and 2-mercapto-5-amino-l,3,4-thiadi- 
nzole).’ Satisfactory procedures for deproteinizing serum without losses 
of these have not been found. Analyses of serum TOthout deproteinization 
(6) in our hands have not yielded satisfactory analyses uith any of these 
compounds; nor did ultrafiltration of acidified serum permit recovery of 
bcnz3dthiouracil. 

* Serum levels of two patients receiving 500 mg. of thiouracil and 6 -propylthiouracil 
respectively reached 1.0 and 1.1 mg. per cent in about 2 hours, and then fell rapidly. 
Three patients whose thyrotoxicosis was controlled by 6-propylthiouraciI showed 
serum levels from 0.04 to O.OS mg. per cent. These results indicate that the high 
activity' of propy'Ithiouracir does not arise from its producing much higher serum 
concentrations than thiouracil. (Unpublished results, Astwood, Christensen, 
and Cooper.) 
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SUMMABY 

A number of sulfur compounds possesang strong inhibit oiy effects upon 
the thyroid gland, and some substances structurally related to them, have 
been studied with regard to their reaction with Crete’s reagent, their 
analytical determination in serum, and their combination with serum 
proteins as shown by ultrafiltration. Procedures permitting analytical 
determination on serum have been described for all but two of the more 
active compounds studied. 

The structural features modifying the color reaction given by thiourea 
with Crete’s reagent have been discussed. 

6-Alkyl-substituted 2-thiouracil derivatives were bound by serum pro- 
teins to a degree increasing with the size of the substituting group. 2- 
Mercaptoimidazole and 5,5-diethylthiobarbituric acid, among the highly 
active substances, were present in serum to a considerable extent in an 
ultrafiltrable state. Evidence has been presented that the mercapto form 
of these sulfur compounds is the more strongly protein-bound. 
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THE EFFECT OF LECITHINASE ON HTOLAN SERUIM GLOBULINS 
By AURY L. PETERMAKN* 

{From the DcpaTimcni of Chemistry, University of TT^corwin, ^ladison) 
(Received for publication, September 25, 1945) 

The protein complex found in human serum and named the X protein 
by McFarlane (6) has been studied in great detail by Pedersen (8), and 
assumed to be a complex made up of /^-globulin, albumin, and large amounts 
of lipid. Since the Nagler effect (2, 7) (the release of lipids from solution 
in serum by the action of the a-toxin of Clostridia) is, like the X protein, 
confined almost entirely to the serum of humans, it seemed of interest to 
study the relationship between these two phenomena. It has been shown 
by Macfarlane and Knight (5) that the action of a-toxin is that of a leci- 
thinase. Inorganic phosphate is released by the enzyme from the lecitho- 
vitellin of hen’s eggs and from pure lecithin. Crook (2) believes the action 
of a-toxin on human serum to be more complex than this. He found the 
insoluble material separated from serum after toxin treatment to consist 
of about one-third protein and two-thirds lipid (fat, cholesterol, phos- 
phatides, etc.). In this paper the action of a-toxin on whole serum, X 
protein, and various serum fractions has been studied. Although these 
findings are only a preliminary to a more thorough studj', they are reported 
because the work cannot be continued at this time. 

Methods 

Serum was prepared from blood drawn from a normal subject (blood 
group A) in the postabsorptive state. It was allowed to clot at room tem- 
perature for about 15 minutes, and then spim in a refrigerated centrifuge 
for 1 hour. The serum was extremely clear. 

The X protein was concentrated as described by Pedersen (8). To 60 cc. 
of serum, 43 cc. of saturated ^IgSO< were added. The solution was spim 
in sixteen 6 cc. tubes in a concentration ultracentrifuge for 6 hours at 24,(X)0 
K.P.M. The effect of MgSO< is to increase the density of the solvent to 
such an extent that the X protein separates at the top. 

The top 1 cc. from each tube was collected. The combined 16 cc. has 
been designated as X. The bottom 16 cc. were also collected and com- 
bined as a control. This has been designated S-X. The magnesium sul- 
fate was removed by dialysis against cold saline. 

The other proteins studied were fractions of normal human plasma pre- 
pared by alcohol fractionation (1). 

* Present address, Memorial Hospital, New York, New York, 
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LECITHINASE AND SERUM GLOBULINS 


The lecithinase used was supplied through the courtesy of Dr. Milan 
A. Logan of the University of Cincinnati, College of Medicine. It was a 
crude culture filtrate of Clostridium perfringens which had been dialyzed 
against glycerol and contained about 500 mouse LDso per cc.^ of a-toxin. 

This toxin was diluted 1:50 with saline immediately before use. The 
procedure was adapted from that used b}’’ Macfarlane and ICnight (5). 
Usually each flask contained 0.6 cc. of 0.3 m CaCh, 3.0 cc. of borate buffer, 
5.0 cc. of diluted toxin, the protein to be studied, and saline to a final volume 
of 21.6 cc. In the early experiments the enzyme treatment was carried 
out in colorimeter tubes and any increase in turbidity measured in the 
Evelyn photoelectric colorimeter. Later the enzyme action was followed 
by determinations of phosphate soluble in 10 per cent trichloroacetic acid. 
3 cc, of solution were added to 6 cc. of 15 per cent trichloroacetic acid and 
the precipitate was filtered off after 15 minutes. The phosphorus method 
of Piske and Subbarow (3) as modified for the Evelyn colorimeter was used. 
Samples for inorganic phosphate determinations were taken immediately 
after adding the toxin. The flasks ^Ye^e stoppered and set in an oven at 
37°. After 16 hours another phosphate sample was taken. In the case 
of the whole serum (5), X, and S~X proteins, the separated lipid was 
removed by spinning for 2 hours at 24,000 r.p.m. as suggested by Crook (2). 

Nitrogen analyses were made by the method of Johnson (4). 

Before ultracentrifugal analysis each sample was dialyzed against a 
buffer containing 0.075 m sodium citrate, 0.0435 m disodium phosphate, 
and 0.0027 m monosodium phosphate. This buffer was found by Pedersen 
(6) to give adequate resolution of the albumin and X protein boundaries in 
the ultracentrifuge, Anal 3 ’'ses were made in concentrated solutions, since 
the X protein complex disappears on dilution. Pictures taken by the 
diagonal knife-edge method after about 120 minutes at 60,000 r.p.m. were 
analyzed for X protein, albumin, and globulin. All concentrations were 
corrected for the sector shape of the cell (9). 

Electrophoretic analj^ses were made in a buffer which was 0.05 M in 
dicthylbarbituric acid and 0.00765 m in sodium citrate and was adjusted 
to pH 8.6 with sodium hydroxide. 

results and discussion 

The increase in phosphoms soluble in 10 per cent trichloroacetic acid 
fol!o^\'ing lecithinase treatment of a number of serum protein fractions is 
shovTi in Table I. Since the albumin showed no significant increase in 
inorganic phosphate, the values obtained on the other fractions have been 
recalculated in terms of the total globulin present in each. The results 
arc surprising. Neither the A" protein prepared from sei*um nor that from 


^ LDi3 is the amount of toxin that will kill 50 percent of the mice of the teat group. 
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Fraction II + III showed as great an increase in inorganic phosphorus as 
the protein mixture from which it was prepared. The greatest amounts 
of phosphate were released from Fraction III-l and from the S-X material. 
The increase in phosphate found with the y-globulin was probably not 
significant. 

Although the action of lecithinase on the X protein fractions hydrolyzed 
little phosphate, it did release the lipid. After 2 hours in the oven, the 
^-X flask still rera^ed clear, while the solution in the X flask had become 
quite turbid. After 16 hours, a few floes of fatty material were floating in 
the S-X sample; the X sample was milky, l^itrogen analyses made before 
and after the lipid was removed showed that the S-X sample had lost no 
nitrogen, whereas the X sample had lost 10 per cent. 


Table I 


Aciion of Lecithinase on Serum Proteins 


Protein 

PIi 05 pboras 
freed per 
gm. total 
protein 

Per cent 

globnlin 

! PhoSpbOTOS 
; freed per 
! gm. clobu- 
, Im 

Increase in 

tarbiditj' 

Per cent Kj 
removed 
: lipid 




ns. 



Serum 

0.20 

36 

0.56 

4-4-h-h 

5 

S^X 

0.80 

40 

2.00 

+ 

0 

X from serum 

0.04 

40 

0.10 

f- 

10 

“ « Fraction 11 -f III 

0.04 

100 

0.04 

4— 1-4-4- 


Fraction II + III 

0.10 1 

96 1 

0.10 



“ ly-i 

0.05 1 

96 

0.05 



IIM 

1.00 

96 

1.00 

4-4-4- 


Albumin 

0.00 

1 : 


0 


T“Globulin 

0.01 

98 i 

0.01 

0 



The results of ultracentiifugal and electrophoretic analj'ses are shown 
in Fig. 1. The whole serum contained 23 per cent X (in' 4 per cent solu- 
tion) and 8 per cent ft-globulin- The X preparation contained 51 per 
cent X and 20 per cent ft-globulin. The jS-X preparation contained no X, 
although it had 10 per cent /Si-globulin. After lecithinase treatment the X 
had disappeared from the serum and the X preparation. The electro- 
phoretic pattern of the treated whole serum (S-L) had changed but little. 
The X-L pattern, however, showed a loss of 13 per cent of the boundary. 
This is consistent uith the removal of 10 per cent of the total nitrogen. 
The percentage increases in the other components seem to be due entirely 
to the decrease in ft-globulin. Although it had shown the greatest increase 
in inorganic phosphate on lecithinase treatment, the jS-X fraction gave 
the same electrophoretic and ultracentrifugal analyses after treatment 
as before. 
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Fig. 1. Electrophoretic (E) and ultraccntrifugal (U) analyses of serum and scrum 
fractions before and after lecithinase treatment. In each diagram the per cent of 
the various scrum proteins found on electrophoretic analysis is indicated along the 
top horizontal lino. The per cent of the total serum protein found in each ultra- 
centrifugal component is marked along the bottom line; A indicates the albumin, 
X the X protein complex, and G the globulins. A connecting line is drawn between 
each electrophoretic component and the ultracentrifugal component to which it 
probably corresponds. Solid lines have been drawn for serum albumin and for the 
and 7-globulin8, since the seSimentation behavior of the isolated proteins is 
known. Dash lines have been drawn to indicate the probable sedimentation behavior 
of the other components. Analyses of the A” protein concentrate (A'), the whole 
scrum (S), and the bottom fraction (*S'-A'*) arc shown in the left-hand diagrams. The 
right-hand diagrams indicate analyses of the same fractions after lecithinase 
treatment. 
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One further effect of lecithinasc action must be noted. In all three 
cases the mobility of the ai-globulin was reduced from —6.2 X 10^® sq. cm. 
per volt per second to — 5.G X 10“^ sq. cm. per volt per second. The 
boundan' separated much more sharp!}' from that of the albumin. 

The material (other than tlie X protein) from which such relatively large 
amounts of pliosphorus were released is unknoum. It appears to have a 
high sedimentation rate, since it is concentrated in the S-X preparation. 
Some fast raonng material was present in the ultracentrifuge diagrams, 
but in ver>' small amount. 

It has been well established b}' the English workers (2, 5, 7) that the 
Xagler effect, the release of lipid, is a specific result of lecithinase acti\dt 3 '. 
The increase in inorganic phosphorus found in the S~X preparation cannot 
be ascribed with certainty to the action of lecithinase, since no control 
experiments were done. It may be due to the action of other phosphatases 
present in the serum. This seems unlikel}', however, since the S-X prepa- 
ration was 5 days old when tested, and the Fraction III-l sample had been 
stored in the refrigerator for 2 years. The arglobulin present in the S-X 
appeared to sediment \nth the albumin boundary, which was abnormally 
large in area. 

In ever^' case the ct:-globulin appeared to sediment 'with the albumin. 
Pedersen (8) has described the X protein complex as containing ^-globulin, 
albumin, lipid, and carbohydrate. In these preparations the increases in 
Arglobulin and in X protein attained in the X preparation are roughly 
parallel. In the X preparation, however, the complex seems to contain 
much more albumin than in the whole serum. It also seems probable 
that some of the on-globulin enters into the complex. After lecithinase 
treatment this fraction of arglobulin sediments with the globulins. 

SUMMARY 

1. The concentration of the X protein complex of human serum by ultra- 
centrifugation has been confirmed. 

2. The release of lipid from human serum by the action of lecithinase 
parallels the breakdown of the X protein complex. 

3. The amount of phosphate released from whole serum or from various 
serum fractions by lecithinase bears no apparent relation to the amoimt of 
lipid set free. No increase in inorganic phosphate is obtained when albumin 
or 7 -globulin is used as substrate. Very small increases are foimd 'with 
Fraction II -j- HI, Fraction IV-1, or the X protein concentrates. Large 
amounts of phosphate are released from Fraction III-l and from the rapidly 
sedimenting proteins of whole serum. 

4. A further action of the enzyme appears to be a reduction in the mo- 
bility of the arglobulin. 
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THE ACTION OF PHENYLMERCURIC NITRATE 

I. EFFECTS ON ENZYME SYSTEMS 


Br ELTON S. COOK, CORNELIUS W. KREKE, SISTER MARY OF 
LOURDES McDEVITT, akd SISTER MARY DOMITILLA BARTLETT 

(From the Laboratories of the Institutum Dirt Thomae, Cincinnati) 

(Received for publication, October 19, 1945) 

Earlier papers have sho^Mi that yeast attracts antagonize the depressing 
acti\dty of phenj'lmercuric nitrate on the respiration and gro^^ih of yeast 
(1), on the respiration (2) and gro^nh (3) of skin, and on the g^o^nh of 
molds (4) and certain bacteria (2, 3) (and unpublished). An explanation of 
these effects requires a kno^vIedge of the mode of action of phenj'hnercuric 
nitrate. Inasmuch as yeast extracts have been shown to accelerate catalase 
(5) and peroxidase (6) activities, to overcome the toxic actions of cyanide 
and azide but not of urethane and amyl alcohol on respiring systems (7), 
and to by-pass the c>"to chrome-cytochrome oxidase oxidation of ascorbic 
acid (unpublished), it seemed desirable to investigate the effects of phenyl- 
mercuric nitrate on several enzjme systems. The present paper deals 
with the action of phenylmercuric nitrate on the cytochrome oxidase and 
succinoxidase sj^stems; on the succinic, lactic, and glucose dehj^drogenase 
sj^tems; and on catalase. 


EXPERIMENTAL 

Methods and Materials — i\Ianometric procedures at 37.5° were used for 
the oxidase systems. The cytochrome oxidase system, with ascorbic acid 
as substrate, was measured according to the method of Schneider and 
Potter (8). The center w’ell of the respirometer flask contained 0.2 ml. 
of 2 N sodium hydroxide. The main chamber contained 1 ml. of 2.4 X 
M cji:ochrome c; 0.3 ml. of a freshly prepared solution of 0.114 m 
ascorbic acid in phosphate buffer, pH 7.4; 0.3 ml. of 4 X 10“’ m aluminum 
chloride; 0.2 ml. of a cytochrome oxidase-containing tissue extract; 1.0 ml. 
of phosphate buffer, pH 7.4; and 0.2 ml. of glass-distilled water. In the 
experimental flasks the W’ater w’as replaced by basic phenylmercuric nitrate 
of appropriate concentration. 

Schnitzels recommendations (9) W'ere followed in setting up the cyto- 
chrome oxidase system with hydroquinone as substrate. The center w'eU 
contained 0.2 ml. of 2 N sodium hydroxide or water. The main chamber 
contained 1 ml. of 2.4 X 10“^ m cytochrome c; 0.3 ml. of 0.21 m resublimed 
h3^droquinone in phosphate buffer, pH 7.4; 0.3 ml. of 0.18 m semicarbazide 
hydrochloride neutralized to pH 7.4; 0.2 ml. of oxidase-containing extract; 
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1,0 ml. of phosphate buffer, pH 7,4; and 0.2 ml, of water which was replaced 
TOth phenylmercuric nitrate in the experimental flasks. 

The method of Schneider and Potter (8) was followed in setting up the 
succinoxidase system. The center well contained 0.2 ml. of 2 n sodium 
hydroxide. The large chamber held 0.4 ml. of 10~^ m cytochrome c; 0.3 ml. 
of 0.4 M sodium succinate, pH 7.4; 0.3 ml. of 4 X 10~^ m calcium chloride; 
0.3 ml. of 4 X 10“^ M aluminum chloride; 0.2 ml. of tissue extract; 1.0 ml. 
of phosphate buffer, pH 7.4; and 0.5 ml. of water, of which 0.4 ml, was 
replaced by phenylmercuric nitrate in the experimental flasks. 

The anaerobic dehydrogenase determinations were carried out by the 
Thunberg methylene blue method at 37.5® according to the procedure of 
Green and DLxon (10). The tubes contained 0.9 ml, of a methylene blue 
solution prepared by mixing 8 ml, of 1:5000 methylene blue Avith 6 ml. 
of 0.2 M phosphate buffer at pH 7.2; 0.1 ml. of 0.1 m substrate (succinic 
acid, dextrose, or lactic acid); and 1.0 ml. of phosphate buffer (replaced 
by 1.0 ml. of phenylmercuric nitrate in the experimental tubes). The 
side arm held 1.0 ml. of the enz 3 nne-containing tissue extract which was 
tipped in after a 15 minute period for evacuation and thermal equilibrium. 

Cytochrome c was prepared from beef hearts by the method of Keilin 
and Hartree (11) uith the exception that it was dialyzed against distilled 
water instead of 1 per cent sodium chloride. Rat heart extract served as 
a source of cytochrome oxidase as well as of succinic and lactic dehydro- 
genases. Rat liver was the usual source of glucose dehydrogenase. 

For the determination of catalase activity the pre^dously described modi- 
fication (5) of von Euler and Josephson^s procedure (12) was employed. 
The earlier experiments were performed udth a rat liver extract as a source 
of catalase; the experiments detailed in this paper were made uith a crystal- 
line beef liver catalase prepared by the method of Sumner and Bounce (13). 

Basic phenylmercuric nitrate (merphenjd nitrate, Hamilton Laborato- 
ries) was used. All solutions of chemicals were prepared with glass-distilled 
water. 


Rcsjilts 

Cytochrome Oxidase — ^After preliminary experiments to determine a suit- 
able concentration of cj'^tochrome oxidase, the effects of phen 3 dmercuric 
nitrate were studied with ascorbic acid as the substrate. Fig. 1 shows the 
results of a typical experiment in wliich phenylmercuric nitrate was used in 
concentrations from 5 X 10'*® m to 1.7 X lO*”® m. These concentrations were 
in the range usually emploj^ed in the earlier respiration experiments. All de- 
pressed the enz^Tne activity, the magnitude of the depression ranging from 
25 to 60 per cent, depending upon the concentration. To be sure that the 
phenylmercuric nitrate was acting on the enzyme system and not directly 
on the substrate, for example by foiming a difficultly oxidized niercuo" 
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experiments were performed to detennine the effect of phenylmercuric 
nitrate on the autoxidation of ascorbic acid in the absence of enzyme. 
Under these conditions the compound did not affect the oxidation. If 
allowance were made for the autoxidation, the depression of enzyme ac- 
tivity by phenylmercuric nitrate would be greater than that given above. 

Phenylmercuric nitrate also inhibited the oxidation of hydroquinone by 
the cytochrome oxidase system. Results of a tj’pical experiment, in which 



Fig. 1. The effect of phenylmercuric nitrate on cytochrome oxidase oxidation of 
ascorbic acid. Curve I, cytochrome oxidase control; Curve II, phenylmercuric 
nitrate, 1.7 X 10“=^ m; Curve III, phenylmercuric nitrate, 3.3 X 10”* Curve IV, 
phenylmercuric nitrate, 4.2 X 10"* m; Curve V, phenylmercuric nitrate, 5 X 10"‘ m; 
Curve VI, cytochrome c control (oxidase omitted). 

2.3 X 10“^ M phenylmercuric nitrate was used, are shown in Fig. 2. Addi- 
tional experinients showed phenylmercuric nitrate to have no effect on the 
autoxidation of hydroquinone. 

Spectrophotometric studies (made by Gladys Perisutti) showed that 
phenylmercuric nitrate did not alter the absorption spectrum of cyto- 
chrome c. 

Succinoxidase — Phenylmercuric nitrate in concentrations from 2.3 X 
^ 1.25 X 10 ® M gave complete inhibition of the succinoxidase sys- 

tem, as shown by the experiment in Fig- 3. 
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Fia. 2. The effect of phenyJmercuric nitrate on cytochrome oxidase oxidation of 
hydroquinonc. Curve I, cytochrome oxidase control; Curve 11^ phenylmercuric 
nitrate, 2.3 X 10”® m; Curve III, cytochrome c control (oxidase omitted); Curve IV, 
auloxidation of hydroquinonc (cytochrome c and oxidase omitted). 
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Succinic Dehydrogenase— Table I indicates that phenylmercuric nitrate 
active!}” inhibited succinic dehydrogenase, although higher concentrations 
were required than wiith the oxidation enzyme preparations. 

Lactic Dehydrogenase — ^Table II demonstrates the inhibition of lactic 
dehydrogenase by phenylmercuric nitrate. 

Table I 

Effect of Phenylmercuric Nitrate on Succinic Dehydrogenase 
Each tube contained 0.9 ml. of methylene blue-bufTcr mixture and 0.1 ml. of 0.1 
M succinic acid. 1 ml. of rat heart extract was tipped in from the side arm. 


Phosphate buffer, pH 7.4 

PhcDylnjcrcunc nitrate 

Decolorization time 

vtl. 

u 


1.0 


3 min., 2 see. 

1.0 

1.1 X 10-^ 

3 “ 5 “ 

1 hr., 12 min. 


1.1 X 10-’ 

1 u g «. 


5.6 X IQr* 

22 min., 5 see. 


5.6 X 10-< 

22 “ 13 ** 


2.8 X 

5 “ -31 


2.8 X 

5 “ 2 “ 


Table II 

Effect of Phenylmercuric Nitrate on Lactic Dehydrogenase 
Each tube contained 0.9 ml, of methylene blue-buffer mixture and O.I ml. of 0.1 
M lactic acid. 1 ml. of rat heart extract was tipped in from the side arm. 


Phosphate buffer, pH 7.4 

i Phenylmercuric nitrate, final 
concentration 4A X 10"* if 

Decolorization time 

rtl. 

ml. 


1.0 


9 min., 50 sec. 

1.0 


9 “ 43 “ 


1.0 

17 “ 5 


1.0 1 

16 “ o8 “ 


Glucose Dehydrogenase — Glucose dehydrogenase activity was depressed 
by phenylmercuric nitrate but not as readily as succinic or .lactic dehydro- 
genases. For example, in a typical experiment the average control decol- 
orization time for methylene blue was 2 minutes and 29 seconds and 4.5 X 
10”^ M phenylmercuric nitrate increased the decolorization time to 3 minutes 
and 33 seconds. 

Cafalase — In Table III are reported the depressing effects of phenyl- 
mercuric nitrate on crystalline beef liver catalase activity. With 4.5 X 
M phenylmercuric nitrate the depression amounted to approximately 
36 per cent ^vithin 20 minutes. Similar results were obtained with crude 
preparations of rat liver. 
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Table III 

Effect of Phcnylmcr curie Nitrate on Catalase 
Each flask contained 35 ml. of 30 per cent H 2 O 2 diluted 1:500 and standardized, 
10 ml. of m/15 phosphate buffer, 1 ml. of standard catalase solution diluted 1:10,000, 
and 4 ml. of water which was replaced by phenylmercuric nitrate in the experimental 
flasks. 


Pheaylmercuric nitrate 

1 

5 min. 

10 min. 

15 min. 

20 min. 

Control 

0.1 N KMnO<, ml, 

H 2 O 2 decomposed, % 

4.075 1 
15.12 

3.475 
27.53 i 

1 


2.775 

42.15 

1.5 X 10-5 M 

j 0.1 N KMn 04 , ml. 

[ H 2 O 2 decomposed, % 

4.375 

11.88 

4.025 

20.23 

1 

3.750 

27.01 

3.400 

32.99 

3 X 10-5 M 

1 0.1 N KMn 04 , 7nl, 

H 2 O 2 decomposed, % 

4.225 

8.76 

[ 

3.425 

16.10 

I 

3.500 

21.79 

3.225 

29.09 

4.5 X 10-5 

0.1 N KMn 04 , ml. 

H 2 O 2 decomposed, % 

' 4.500 

6.17 

' 4.125 

13.99 

3.800 

20.75 

3.500 

27,01 


DISCUSSION 

Phenylmercuric nitrate appears to act as a non-specific depressant of 
the enzjrme systems studied. This, perhaps, is not unexpected, since 
mercury compounds are general protein precipitants. The most obvious 
common point of attack of the enzymes is the sulfhydryl group. The action 
of inorganic mercury compounds, such as mercuric chloride, has been shown 
by Fildes (14) to depend upon interaction ^vith — SH groups. It has been 
suggested that organic mercurials may act in a similar maimer (15). Or- 
ganic mercurials of the type RHgX have frequently been used to inhibit 
enzyme activit}" presumed to be dependent upon — SH (see the review's 
of Hellcrman (16)). In Paper II (17), it is shown that the respiratory 
depressant action of phenylmercuric nitrate on yeast can be prevented by 
such compounds as cysteine and homocysteine. 

It is w'ell kno^vn that the — SH group is essential for succinic dehydro- 
genase activity (18, 19). The depression of this enzyme and of the succin- 
oxidase system b}’’ phenylmercuric nitrate is in line with this fact. How- 
ever, Barron and Singer (20), using chloromercuribenzoic acid, have 
reported that the — SH group is not essential for the functioning of cyto- 
chrome oxidase and catalase. The depression of the activity of these 
enzymes by phen 3 dmcrcuric nitrate seems to be at variance with the results 
obtained with chloromercuribenzoic acid unless the tw’o reagents act in 
different manners or unless the concentrations -of the depressants employed 
w'erc widely different. It w'ould appear that Barron and Singer used 
chloromercuribenzoic acid in concentrations of 10~^ m. This is considerably 
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higher than the concentrations of phenyhnercuric nitrate (1.5 X m to 
5 X m) ^Ylnch vrc found to cause definite, although not complete, 
inhibition of C3^ochrome oxidase and catalase. It seems, therefore, that 
the concentration used by Barron and Singer should have produced depres- 
sion if the action of the two mercurials is similar. The concentrations 
employ’ed by us were of the same magnitude as the concentrations of chloro- 
mercuribenzoic acid (10“® m to 3.3 X 10”® m) used by Potter and Dubois 
(19) to produce 30 to 70 per cent inhibition of the succinoxidase system, 
depending upon experimental conditions. Inasmuch as Paper II shows 
that the respiratory depressant action of phenyhnercuric nitrate on yeast 
can be prevented b^' sulfh3^di3’l compounds it would seem that a mode of 
action involving the sulfhydryl group is a likely possibility'. 

SmOLART 

Phenylmerciuic nitrate depresses the activity' of the cytochrome oxidase, 
succinoxidase, succinic, lactic, and glucose dehy'drogenases, and catalase. 

These results are discussed in light of a possible action of phenyhnercuric 
nitrate on the sulfhydryl group. 
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II. SULFHYDRYL ANTAGONISM OF RESPIRATORY DEPRESSION 
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BtELTON S. COOK, GLADYS PERISUTTI, ajto SISTER THOMAS MARY WALSH 
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(Received for publication, October 19, 1945) 

In Paper I (1) it was sho^^^l that phenylmercuric nitrate can act as a 
non-specific depressant for both oxidases and dehydrogenases. Inasmuch 
as this effect might be interpreted as due to interaction of phenylmercuric 
nitrate with sulfhydryl groups in the enzymes, we decided to determine 
whether the depression of yeast respiration by this compound could be 
prevented by” sulfhydiyl-containing compounds. 

EXPERIMENTAL 

Methods and Materials — ^The respiration of a pure culture of Saccharo- 
myces cerevisiae was measured by the previously described procedure (2) 
in m/15 KH 2 P 04 containing 0.02 per cent glucose, pH 4.5, at 30® in Warburg 
respirometers. In each experiment duplicate flasks were employed for 
each of the follo\rag: yeast control, sulfhydryl-containing (or other) com- 
pound, phenylmercuric nitrate, and sulfhydryl (or other) compound plus 
phenylmercuric nitrate. The control flasks held 0.2‘ml. of n KOH in the 
center well and in the other chamber 3 ml. of phosphate-glucose containing 
4 mg., dry weight, of yeast. In the appropriate flasks 1 ml. of the phos- 
phate-glucose was replaced by a solution of the sulfhydryl (or other) com- 
pound and 1 ml. was replaced by a solution of phenylmercuric nitrate, 
which was always tipped from the side arm. All chemicals were dissolved 
in phosphate-glucose. 

l(+)-Cysteine hydrochloride, ^('-)-cystme, dZ-homocysteine, and dZ- 
methionine were obtained from General Biochemicals, Inc. Basic phenyl- 
mercuric nitrate (merphenyl nitrate) was obtained from the Hamilton 
Laboratories. 


RESULTS AND DISCUSSION 

Preliminary experiments revealed that Z-cysteine hydrochloride in con- 
centrations from 2 X 10“^ it to 1.3 X ICb"^ m depressed the respiration of 
yeast, the degree of depression being proportional to the concentration up 
to about 1.6 X M. In the range from 3.2 X 10^’ m to 1.3 X 10”- M 
the degrees of depression were similar and amounted to 51 to 55 per cent 
at the end of the 1 hour respiration period. In concentrations of m, 
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and lower, cysteine did not depress oxygen consumption significantly and 
these lower concentrations ^Yere chosen for experiments with the phenyl- 
mercuric nitrate. Fig. 1 shows the results of a typical experiment. The 
introduction of 1.5 X m phonylmercuric nitrate adversely affected 
respiration, whereas 10“^ m and 6 X lO'*® m cysteine did not. The presence 
of these concentrations of cysteine materially lessened the depressing effects 
of phenylmercuric nitrate. Lower concentrations of cysteine Avere not as 
effective. It was found that phenylmercuric nitrate would abolish the 
nitroprusside reaction when present in the ratio of 1 mole to 2 moles of 



Fig. 1. The effect of cysteine on the depression of yeast respiration by phenyf- 
mercuric nitrate. Curve I, yeast control; Curve II, cysteine hydrochloride, 6 X 
10~^ M, present from the start; Curve III, cysteine hydrochloride, 10“^ m, present 
from the start; Curve IV, cysteine hydrochloride, 6 X 10'® m, present from the start; 
phenylmercuric nitrate, 1.5 X 10'® m, added at 30 minutes; Curve V, cysteine hydro- 
chloride, 10'"* M, present from the start; phenylmercuric nitrate, 1.5 X 10'® M, added 
at 30 minutes; Curve VI, phenylmercuric nitrate, 1.5 X 10~® m, added at 30 minutes. 

cysteine. This is the amount of cysteine which should react with all the 
mercury in the double salt CcHQHgNOa'CcHsHgOH, although under cer- 
tain conditions (3) phenylmercuric nitrate seems to function as the complex 
ion (CcHsHgOH • CcHsHg)*^. Somewhat higher than the theoretical 
amount of cj^steinc is therefore necessary for effective in vivo activity under 
the conditions of the experiment. Similarly, Fildcs (4) found that a greater 
than theoretical quantity of sulfhydryl compound was essential to antago- 
nize the germicidal action of mercuric chloride on Escherichia coli. 

rf/-Homocysteinc behaved similarly to cysteine in preventing the phenyl- 
mercuric nitrate depression of yeast respiration. 
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The presence of Z-cystine in concentrations of 6 X 10“^ m or 10“ * m had 
no effect upon the respirator^" depression caused by the addition of 1.5 X 
10'® M phenylmercuric nitrate, as showD in Fig. 2. Similarly, dZ-methionine 
exerted no protective effect against phenylmercuric nitrate. 

Unpublished experiments by G. W. Thomas of our laboratories indicate 
that cysteine antagonizes the germicidal action of phenylmercuric nitrate 
against Escherichia coli and Ehcrthclla lyphosa. With these organisms, as 
with the respiration of 3"east, higher concentrations of cysteine alone exert 
a toxic effect. 



Fig. 2. The effect of cystine on the depression of yeast respiration by phenyl- 
mercuric nitrate. Curve I, yeast control; Curve II, cystine, 6 X 10^® m, present 
from the start; Curve III, cystine, lO"* ii, present from the start; Curve IV, phenyl- 
mercuric nitrate, 1.5 X 10“* m, added at 30 minutes; Curve V, cystine, 6 X 10“* m, 
present from the start; phenylmercuric nitrate, 1.5 X 10~® m, added at 30 minutes; 
Curv'e VT, cystine, lCh< m, present from the start; phenylmercuric nitrate added at 
30 minutes. 

A number of other compoimds, including p-aminobenxoic acid, adenine, 
xanthine, and hypoxanthine, which exert an antisulfanilamide effect, are 
without action upon the respiratory depression of yeast caused by phenyl- 
mercuric nitrate (5). 

It is e\ddent that the phenylmercuric nitrate depression of yeast respira- 
tion can be prevented by suHhydryl compounds. The inhibition of certain 
enzjme systems by phenylmercuric nitrate (1) may well be due to inter- 
action with essential — SH groups, although this may not be the only 
means of causing the obsert^ed erizyme inhibition. 
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SUMMARY 

The depression of yeast respiration by phenylmercuric nitrate can be 
prevented by cysteine and homocysteine but not by cystine or methionine. 
It is therefore possible that the previously observed depression of enzyme 
activity by phenylmercuric nitrate may involve interaction Avith the sulf- 
hydryl groups of the enzymes. 
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XV, COMPOSmOX OF THE FAT OF MELAXOPLUS ATLAXIS RILEY 

By J0S£ GIR-\L, FRANCISCO GIRAL, and AURIA LUISA GIRAL 

{From the Laboratories of Hormona S. A. and the Chemical Research Laboratory of the 
Escuela Nacional de Ciencias Bioldgicas del Inslituto 
PolitecnicOf Mexico Ci7y, Mexico) 

(Receiv'ed for publication, December 19, 1944) 

One of us, in a former study, obser\^ed that sulfur is contained in the oil 
extracted from a Mexican orthopteran {Taenirrpoda awricamis Walker, 
Catantopidae, Acridioidea), found in Cordoba, Vera Cruz. The oil is 
poisonous to rats (1). The oil was extracted from the male and female 
separatel}^ and the percentage of sulfur was found to differ in the two sexes. 
It was observed that the toxicity was proportional to the sulfur content, 
an observ’ation suggesting a linkage of the property of toxicit}’’ to a sulfur 
compound in the oil. 

In another study the lipid was extracted from a different orthopteran 
belonging to the same family {Melanophis atlanis Eiley, Catantopidae, 
Acridioidea), occiuring in Actopan, Hidalgo. This lipid was found to have 
a very high acid value (2), like that occurring in the European cantharid 
Lytta vesicaioria (3). We found sulfur in Melanoplus atlanis “fat,^’ though 
in smaller concentration than in Taeniopoda auricomis (2). This paper 
reports more detailed work on the fat of Melanoplus atlanis. 

Recent re\dews on the chemistry of insect oils can be found in (1) and 
in ((4) p. 63). 


EXPERIMENTAL 

Extraction and Fractionation of Total Lipid — About 45,000 male and 
female insects (2) with a total weight of 9.0 kilos were killed with petroleum 
ether and dried in the sun to constant weight. 2.2 kilos, or 24.5 per cent 
of the weight of the fresh material, of dry insect bodies were obtained. 
The bodies were ground and extracted with petroleum ether (b.p. <60®) 
in a continuous apparatus; the resulting total lipid yielded 18.0 gm. of 
neutral fat and 53.0 gm. of free fatty acids {dll 0.96). The neutral 
fat had a melting point of 39-40° and gave a saponification number 
of 138.9 ; it contained 0.0173 per cent of sulfur. No sulfur was found in the 
acid fraction. A 24 gm. portion of the free fatty acids was fractionated by' 
the lead salt method ((4) p. 370) ; 3.5 gm. of “solid’’ fatty acids and 20 gm. 
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of 'liquid'^ acids were obtained. Analytical data^ for the various prepara- 
tions are given in Table I. 

The methyl esters of the ‘‘solid’^ and ^‘liquid*’ fractions were prepared 
and submitted to fractional distillation under 2 mm. pressure. The ana- 


Tablb I 

Analytical Values for Limpid Fractions from Melanoplus atlanis 



1 

1 

Neutral fat 

Free acids 


Whole 

Solid 

Liquid 

Acid value 

0 

190.3 

195.6 

— 

Iodine ** 

79.8 

114.2 

8.3 


Thiocyanogen value 

44.4 

69.7 


Acetyl value 

4.4 

1.0 






Table II 

Fractions of Methyl Esters of **Solid** and ^^f/iquid” Acids 


Fraction No. 

Weight 

Temperature 
(2 mm.) 

mm 

Iodine value 

SI 

Strt. 1 

0.385 

•c. 

155-163 

274.6 

4.7 

S2 

0.820 

163-165 1 

292.6 ! 

6.1 

S3 

1.625 

Residue 

307.5 

8.2 

LI 

2.156 

175-180 

283.1 

89.9 

L2 

1.720 

180-183 

292.8 

109.4 

L3 

1.506 

183-186 

301.5 

128.3 

L4 

1.014 

186-215 

312.0 

> 140.7 

L5 

4.952 

Residue 

1 326.7 

1 146.2 


Table III 


Approximate Composition of Total Acids 


Chain length 

Saturated 

Unsaturated 

Mean unsaturation 


Per cent 

per cent 



ClB 

7.3 

4.1 

-2.0 

H 

Cl 8 

12.2 


-2.8 

tt 

Czo 

2.8 


-3.8 

fi 

Cii 



-3.7 

it 


lytical findings, given in Table II, on calculation by the method of Hilditch 
((4) p. 400) 3deld the approximate composition shoum in Table III. 

' There arc some discrepancies between the findings given here and the data re- 
ported previously (2). However, since the specimens used in the earlier work were 
collected in September, whereas those used in the present work were collected in 
November, these discrepancies arc of little consequence. 
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In qualitative test« both the neutral fat and the free acid fractions 
were brominated. In eth}'! ether only a faint clouding ^vas obtained, which 
indicates the presence of small quantities of triethenoid or more highly 
unsaturated acids. In petroleum ether, abundant precipitates were 
obtained wdth both fractions. 

Sulfur, Phosphorus, and Nitrogen — ^Extracts of the neutral fat ^\^th boil- 
ing water, boiling dilute HCl, hot dilute NaOH, or boiling alcohol failed to 
^ve positive reactions with nitroprusside or with sodium plumbite. ^Mlen 
the neutral fat was boiled with dilute sodium hydroxide} and the resulting 
mixture acidified and filtered, the filtrate gave a precipitate with barium 
chloride, indicating the presence of sulfuric esters in the original material. 

No fraction contained phosphorus, nitrogen, or vitamin A (by reaction 
with antimony trichloride). 

The injection of 1 cc. of the neutral fat into a 32 gm. mouse did not pro- 
duce any symptoms of toxic action. 

DISCUSSION' 

As is the case with the lipids of some other insects (1-3), those of Melano- 
plus atlanis consist mainly of free acids, which constitute 74.7 per cent of 
the total. The free acids consist of saturated acids, stearic (9.1 per cent), 
palmitic (6.7 per cent), and arachidic (2.1 per cent), and unsaturated acids, 
Ci6 (4.4 percent), Ci8 (31.5 percent), (40.5 per cent), and C22*(5.7 per 
cent). Triethenoid acids of the C 20 -C 22 series appear to be present, but 
linolenic acid is absent. Scarcity of material precluded a demonstration 
of the complete absence of small amoimts of fatty acids below Cie. The 
neutral fat contains sulfur and shows a low saponification value which may 
be due either to a large proportion of acids of series higher than or to 
the presence of a considerable amoimt of unsaponifiable material ; this is a 
frequent occurrence among insects (5). 

The low acetyl value of both free acids and neutral fat shows the absence 
of hydroxy acids and also of diglycerides, such as the palmit}'! diglyceride 
found in silk worm oil (6). 

The predominance of stearic acid over palmitic acid is considered to be 
exceptional in animal fats. Among the higher animals it is found only in 
sheep, goat, and puma (American lion)- fats. However, it has been found 
in another insect fat besides that of Melanoplus atlanis; namely, that of 
Zonahris pusiulaia (sub Mylahris), an insect from India (7). The fact that 
stearic acid is the principal saturated fatty acid of certain tropical seeds has 
no bearing on the composition of the lipids of Melanoplus atlanis, which 
feeds on herbaceous plants. The presence of arachidic acid is to be ex- 
pected from the great abimdance of stearic acid ((4) p. 8). 

A greater abundance of unsaturated than of saturate fatty acids appears 

» Giral, F., J. Ohem. Soc., 112 (1946). 
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to be the rule among Acrididae; it is found not only in Melanoplu^ ailanis 
but also in the South American locust (8), in Oxya japonica (9), and in 
Taeniopoda auricomis (5). 

The predominance of unsaturated fatty acids of the C20 series found in 
Melanoplns atlajiisfeit is also found in the lipids of a mollusk, Mytihis edibis 
(10), and of many deep sea fish ((4), pp. 28-50). The fat under study, 
however, differs from those listed above by a much lower content in palmit- 
oleic acid. 

Hilditch ((4) p. 11) has pointed out that as the zoological scale is as- 
cended the amount of unsaturated C20-C22 acids decreases, whereas the 
amount of palmitic acid increases. The fat of Melanoplus atlanis conforms 
to this generality but it is doubtful whether all insect fats follow the same 
rule. On the one hand the finding of heneicosane (C21H44) in Lytta vesicatoria 
(3) could be due to decarboxylation of C22 fatty acids, which are frequently 
found, together with higher homologues, in insect waxes. On the other 
hand in at least one insect fat (6) these acids are knovm to be absent or 
present in only small amounts. 

Pol3’’ethenoid acids are commonly found in insect fats, although not in all 
species (5). In Melanoplus atlanis they belong to the Coo-Cos series, as is 
he case in fish fats. It is possible that in numerous reports of the presence 
ill insect fats of linolenic acid (an acid otherwise rarely found in animal 
fats), the authors may have been dealing with acids belonging to the C20 
and Cc2 series. 

Sulfur is present exclusively in the neutral fraction. It is not present 
as a phosphosulfatide (11) or as a cyclic sulfate of choline, such as that 
reported in a mushroom (12), since the fat contains neither phosphorus nor 
nitrogen. As the sulfur is not extractable by acids or alkalies, it is not 
present as a sulfonic acid or a urothion type of compound (13). On the 
other hand, the fact that it is split off from the fat by relatively mild 
hydrolysis makes it unlikely that it is a simple sulfoxide or sulfone, such as 
bis-)5-hydroxyethyl sulfoxide (14) found in the suprarenals or the dimethyl 
sulfone that is found in suprarenals (15) and in blood (16) of cattle. Pos- 
sibly it consists of neutral sulfuric esters of alcohols of high molecular 
weight; these might be either Cie-Cis monoalcohols, knoAvn to be present in 
insect waxes, or diglycerides, constituting in the latter case true simple 
‘'sulfatides” such as that isolated by Levene from cattle brain (17). 

The presence of sulfur in fats appears to be limited to certain insects. 
We have found it in Melanoplus atlanis and in Taeniopoda auricomis^ which 
are both Catantopidae, CiTtacanthacridae. It is absent from Sphena- 
rium purpurascens (18), which is an insect belonging to the Acridioidea but 
to a different family. We have found no sulfur in a wide variety of vege- 
table fats (olive oil, sesame oil, coconut oil, and chaulmoogra oil) and of 
animal fats (butter, hog fat, puma fat, turtle fat). 
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The one experiment on the toxicity of the neutral fat of Mclandpliis 
adanis is inconclusive. As the supply of material was limited, only one 
experiment on one mouse could be carried out. Furthermore it was noticed 
at the time that, after injection, the fat of Mclanoplus adanis became solid. 

We express ourappreciation to Miss Marla Luisa Cascajares, who furnished 
us the insects, and to Dr. Candid o Bollvar-Pieltain for the entomological 
classification and for his participation in the discussion of these results. 

SUiOIARY 

1. The total lipid of the Mexican orthopteran Melanoplus adanis Riley 
was fractionated and the components characterized. The outstanding 
features are the preponderance of stearic acid over palmitic acid and the 
high proportion of the C 20 acids in the unsaturated fraction. 

2. The fat contains sulfur, as do other insect fats. This is found exclu- 
sively in the neutral fat, possibly in the form of neutral sulfuric ester. 
Phosphorus, nitrogen, and ^dtamin A are absent. 
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V. SPHEXARIUM PURPURASCEXS CHARPEXTIER 
By FRANCISCO GIRAL 

{From the Lahoratories of Hormone S, A. , Mexico (7:7y, Mexico) 

(Received for publication, December 19, 1944) 

The wTiter has fotmd sulfur to be present (1-4) in the fat of Taeniof>oda 
auricomis Walker (1) and in that of Melanoplus atlanis Riley (2), two 
insects from the Catantopidae family (Cyrtacanthacridae) of the Acri- 
dioidea (Orthoptera). From preliminao" chemical work it appears that 
this type of sulfur compound occurs in the Catantopidae family, but is 
absent from other animal or vegetable fats (1“4). The fat from Taeniopoda 
auricomis has been found to be toxic for rats and the toxicity appears to 
be related to the sulfur content. No conclusive evidence on this particular 
point has yet been obtained for the fat of Melanoplus atlanis. 

The present paper reports work on the fat of a third insect, Sphenarium 
purpurascens Charpentier (PjTgomorphidae, Acridioidea), which is com- 
monly found in the outskirts of Mexico City. This fat has been found to 
contain no sulfur. It contains a very large proportion of free fatty acids, 
glycerides being either absent or present in very small amounts. This is a 
feature common to many insects (2, 4, 5), but not to. all (3). There is a 
considerable amount of tmsaponifiable material in the lipids obtained by 
extraction of the whole dried body of the insects ndth petroleum ether. 
The fat is found to be rich in palmitic and stearic acids, the former being 
more abundant than the latter. Among the .unsaturated fatty acids both 
the Crs and C 20 series are present in considerable proportions, Cis predomi- 
nating. Triethenoid acids of series above Cig are also found. The same 
features are found in the fat of Melanoplus ailanis, although in this case 
stearic acid is more abundant than palmitic acid and the C;o unsaturated 
acids are more abundant than those of the Cis series. The essential differ- 
ence between the fat of 5. purpurascens and that of M. atlanis appears 
then to be the absence of sulfvu* in the former. This is all the more 
interesting in view of the fact that the presence of •sulfur is common both 
to the fat of the M, atlanis and to that of the Taeniopoda auricomis, while, 
on the other hand, the fat of the latter differs from that of both S. purpur- 
ascens and M. atlanis by showing no free acids and by the absence of tri- 
ethenoid acids. 


EXPEKIMENTAL 

The specimens were collected during the month of November, 1943, in 
the outskirts of Mexico City (Lomas de Chapultepec), males and females 
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being mixed, and were killed TOth petroleum ether. The mean fresh weight 
was determined by the counting and weighing of 100, 200, and 500 speci- 
mens, and was found to be 0.35 gm. per specimen. Since the total collec- 
tion weighed 1210 gm., it represents some 3450 specimens. They were 
dried in the sun to constant weight, and a residue of 390 gm. was obtained 
(32.2 per cent of the weight of fresh material), which after having been 
ground was extracted with petroleum ether (b.p. <60°) in a continuous 
extractor. 

The petroleum ether extract was dried with CaCh, filtered, and the 
solvent removed by vacuum distillation. The residue obtained weighed 
30.5 gm. This represents 2.52 per cent of the fresh weight and 7.82 per 
cent of the dry weight of the starting material. The residue was a solid 
mass \vith an orange-gray color and a characteristic odor reminiscent of 


Table I 

Fractions of Methyl Esters of and Liquid^ ^ Acids 


momi 

Weight 

Temperature ^ 

(2 mm.) 

S. e. 

Iodine value 

SI 

gm. 

1.342 

“C. ! 

155-158 

266.5 

11.1 

S2 

1.050 

158-161 

276.3 

14.0 

S3 

0.811 

161-169 

285.1 

17.0 

S4 

2.289 

Residue 

302.5 

28.0 

LI 

I’.Oll 

155-166 

263.5 

79.9 

L2 

1.350 

166-170 

280.5 

95.7 

L3 

1.330 

170-174 

290.9 

111.1 

L4 i 

1.419 

174-177 

296.3 

127.2 

L5 i 

1.936 

177-185 

302.4 

148.0 

L6 1 

3.908 

Residue 

317.1 

184.8 


the odor of fish oils and similar to that of the lipid of Melanophis atlanis. 
Its chemical constants were as follows: m.p. 26-30°, acid value 148.0, 
saponification No. 170, ester value 22.0, iodine value 93.8, Hehner^s index 
(total acids) 85.4 per cent, unsaponifiable material 10.9 per cent. Sulfur 
and nitrogen were absent. 

24 gm. of this preparation were saponified \vith alcoholic KOH; from the 
aqueous soap solution 2.61 gm. of unsaponifiable material were extracted 
vdth ethyl ether. The total acids (20.5 gm.) were liberated and separated 
by the lead salt method^ into 6.5 gm. of “solid” and 13.0 gm. of “liquid” 
acids. These were esterified separately with methyl alcohol and the “solid” 
and “liquid” methyl esters submitted to fractional distillation under 2 mm. 
pressure. The anal^diical data of the fractions are shovTi in Table I. The 

^ The high iodine values found for the **6olid^^ fractions (Tabic I) are ascribable to 
the fact that the lead salts were not recrystallized. 
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approxinuitG composition of the total (free and combined) fatty acids, 
calculated by the method of Hilditch ((6) p. 400), is shown in Table II. 

When a sample of the total “liquid** acids was treated with a solution of 
bromine in acetic acid, it gave a solid precipitate, insoluble in eth^'l ether, 
which did not melt, but darkened at 200°. This obsenntion suggests that 
the tri- or polyethenoid acid is not linolenic acid but belongs to the C 20 
series. 

The author wishes to e.x’press his appreciation to Dr. Cdndido BoHvar- 
Pieltain for the entomological classification and for his assistance in the 
discussion of these results. 


Table II 


Approximate Composition of Total Acids 


Chain length 

Sainaitd 

XJcs3.t\:n.ted 

Mean crsalniatsoa 


fer cent 

^cr cent 


Cl4 

2.9 



Cn 

14.S 

9.6 

-2.0 H 

Cl 5 

11.4 ! 

35.5 

-2.9 " 

CjQ 


25.8 ! 

-4.7 “ 


SXJinLVRY 

1. The total lipid of the ^lexican orthopteran, Sphenarium purpurascens 
Charpentier, consists mainly of free fatty acids. The approximate com- 
position of the total acids has been determined. 

2. The fat of Sphenarium (PjTgomorphidae) does not contain sulfur, a 
feature in which it differs from that of Melanoplus atlanis and Taeniopoda 
(Catantopidae). This leads us to suppose that the sulfur compound is 
specific for the family Catantopidae. 
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THE NATURE OF THE ANTIBACTERIAL AGENT FROM 
ANEMONE PULSATILLA* 


Bt HAROLD BAER, MARGARET HOLDEN, akd 
BEATRICE CARRIER SEEGAL 

(From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia Unu’cr<»ly, New York) 

(Received for publication, October 10, 1945) 

Extracts of buttercups and Anemone puhatiUa} exhibit antibacterial 
action against a *svide variet}^ of microorganisms, including Gram-positive, 
Gram-negative, and acid-fast bacteria (1), The present report deals vrith 
the identification of the active principle of Anemone puleatilla. 

Steam distillation of the dried and groxmd plants of Anemone puhatilla 
resulted in a slightly turbid distillate with globules of a yellow oil floating 
on the surface. The aqueous fraction when shaken with chloroform 
3 delded, after removal of the solvent in vacuo, a pale yellow, irritating oil 
which completely solidified at room temperature within a few hours. This 
solid was proved, by mixed melting point, analyris, and color reactions* 
(2), to be identical with anemonin (I). It exhibited practically no anti- 
bacterial activity towards Escherichia coli, Candida albicans, and Staphylo- 
coccus aureus} 

On the other hand, the pale yellow oil was highly active before it sofidi- 
fied, and maintained its activity for many months when held at 5° in 1 per 
cent aqueous solution. Its identity with protoanemonin (11) (2, 4) was 
confirmed by comparison with samples synthesized according to the meth- 
ods of Muskat, Becker, and Lowenstein (4, 5) and of Asahina and Fujita 
(2). In the pm-e state it rapidly polymerizes to anemonin and higher 
polymers. 


EXPERIMENTAIi 

Isolation of Protoanemonin — For the isolation of protoanemonin the 
procedine of Asahina and Fujita (2) was followed, except that the water- 
insoluble oil that collected in the steam distillate was removed prior to the 
extraction with chloroform. This oil, which was devoid of antibacterial 

* Conducted with the aid of a grant from the John and Mary R. Markle Foun- 
dation. 

' Obtained from S. B. Penick and Company. 

* We are indebted to Dr. R. B. Woodward for a sample of anemonin. 

* Using different methods of testing, Boas and Steude (3) apparently found a high 
order of activity for anemonin. 


65 



66 


PHOTOANEMONIN 


activity, was obviously not identical with either protoanemonin or 
anemonin and was not further investigated. 

The* protoanemonin was purified by repeated distillation with steam 
and extraction Avith chloroform. The solvent was removed under reduced 
pressure, vdth a bath temperature of 40-50°. The residue was analyzed 
udthin an hour. 

Analysis^ — CsH^Os. Calculated, C 62.5, H 4.18; found, C 62.9, H 4 63 

Antibacterial Activity — A comparison was made of the antibacterial ac- 
tivity of protoanemonin obtained from Anemone pidsaiilla \vith that of 
the protoanemonin prepared syntheticall3^ For the purposes of this com- 
parison three microorganisms were used, the Oxford strain of StaphylococcxiSj 
a strain of Escherichia coliy and a strain of Candida {Monilia) albicans. 
The tests were carried out by adding various dilutions of the different 


Table I 

Comparison of Antibiotic Activity of Natural and Syjithclic Protoanemonin 


Protoanemonin tested 

1 

StapAyh^ 

coccus 

(Oxford) 

lighcst dilution active agains 

1 Escherichia colt j 

t 

Candida 

albicans 

Casein 

hydrolysate 

broth 

Infusion 

broth 

From Anemone pulsatilla | 


83,000 



Synthetic (Asahina and Fujita) 


83,000 

33,000 


(Muskat ei al.) 

50,000 

83,000 


Bii&ilifl 


preparations to fluid media and seeding Avith constant amounts of the test 
organisms. The end titer was taken as that dilution of protoanemonin 
which completely inhibited growth in a standard period of time. Staphylo- 
coccus aureus (Oxford strain H) was grown in meat infusion broth of pH 
7.5; E. coll in two media, a casein hydrolysate medium^ and a meat infusion 
broth both of pH 7.5; C. albicans was grown in 0.2 per cent glucose infusion 
broth of the same pH. 4.5 ml. portions of the media containing the anti- 
biotic substance were seeded mth 0.5 ml. of a 10“^ dilution of a broth culture 
of the test organism. 24 hour cultures of the Staphylococcus and E. coU 
and 48 hour cultures of C. albicans were employed to prepare this dilution. 
The tests were read after incubation at 37° for 18 hours in the case of the 
Staphylococcus and E. coli and after incubation at room temperature for 
48 hours in the case of (7. albicans. 

The results of the tests are summarized in Table I. It ^viIl be seen that 

* Wc wish to thank Mr. William Saschek for the analyses. 

^ Identical with the medium described by Fo\ (6) in which casein hydrolysate is 
substituted for gelatin hydrolysate. 















BAER, HOLBEK, AND SEEGAE 


67 


the antibacterial actint}' of the protoanemonin from the plants compares 
well "with that of the synthetic products. This furnishes biological e\i« 
dence that protoanemonin is the substance responsible for the antibacterial 
activit}" of Anemone pulsalilla. 


DISCUSSIOX 

Protoanemonin possesses particular interest, since it appears to be 
another member of a group of antibacterial agents which includes crepin 
(7), penicillic acid, and clavacin. These substances are characterized by 
the presence of a 5-membered imsaturated lactone ring and in addition 
have a highlj’ reactive double bond system. Thej' are further unique in 
being active against both Gram-positive and Gram-negative bacteria. 
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With this in vievr certain other lactones were examined with respect to 
their ability to inhibit the growth of Escherichia coli, Angelica lactone 
(a- or P-), one of the simplest of unsaturated lactones, inhibited growth 
when diluted 1000 times; anemonin (I)> another unsaturated lactone, 
inhibited growth when diluted 2000 times. Treatment of any of these 
active lactones with alkali to an extent sufficient to hydrolyze the lactone 
ring results in loss of antibacterial power. 

Butyrolactone exhibited no acti\dty when diluted only 500 times. How- 
ever, unsaturation per se is insufficient to account for the antibacterial ac- 
tivity, as may be demonstrated by a comparison of protoanemonin (TE) 
with such closely related open chain compounds as acetyiaciylic acid 
(HI), the hydrolysis product of protoanemonin, and vinylaciylic acid or its 
ethyl ester (TV, R = H or CjHs). Compoimds IH and H" have no anti- 
bacterial activity. 
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STOfMARY 

The antibacterial agent of Anemone pulsatilla is shown to be proto- 
anemonin. 
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THE AI^IINO ACID REQUIREMENTS OF STREPTOCOCCUS 
FAECALIS AND THE USE OF THIS ORGANISM FOR 
THE DETERMINATION OF THREONINE IN 
NATURAL PRODUCTS* 

Br niEXE TATAIAN GREEXHUT, B. S. SCHWEIGERT, a.vd C. A. EL^'EHJEM 

{From the Department of Biochemistry, College of Agriculture, Unicersity of 
]]'^isconsinf Madison) 

(Received for publication, August 30, 19^5) 

Many workers (1“6) have successfully used microbiological methods for 
the assay of several amino acids in natural materials. Ladobactllus 
arahinosiis has been used as the test organism in many of these studies. 
Stokes and Gunness (7) have shovm that Lactobacillus arabinosus is not 
satisfactorj^ for the assay of threonine. It was necessary' therefore to find 
another organism which would give a quantitative response to threonine 
under all conditions. Since iSIitchell and Snell (8), Luckey et al. (9), and 
Teply and Elvehjem (10) have used Streptococcus faecalis, American T 3 "pe 
Culture Collection, No. 8043 (formerl}^ (11) referred to as S, lactis R)/ 
for the assaj" of *‘folic acid” and SneU and Guirard (12) have reported the 
qualitative amino acid requirements of this organism, the use of S.faecalis 
for the assay' of the threonine content of natural materials was investigated. 

The amino acid requirements of this organism were studied in detail 
and suitable techniques were de^ed for determining the threonine content 
of various protein materials. 


EXPERIMEXTAL 

The constituents of the medium used in these studies, other than the 
amino acids, are identical to those reported bj" Tepl>' and Elvehjem (10). 
The amino acid composition of the medium used for the preliminary' work 
was identical to that used in earlier work with LaciohaciUus arabinosus 
(Schweigert et al. (3)), with the exception of glj'cine and serine which were 
added at 0.2 and 1.0 mg. levels per tube, respectively'. Snell and Guirard 
(12) showed that these amino acids were also required for Streptococcus 
faecalis. The complete composition of the medium used is given in Table I. 

The method of preparing the \itamin and the xanthine solutions was 

• Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. Supported in part by' a grant from the ICational Live Stock and 
Meat Board. 

' Kiven and associates have shown that Streptococewt lactis R is an enterococcus, 
specifically Streptococcus faecalis. 


69 



70 


THREONINE CONTENT OP NATURAL PRODUCTS 


the same as described by Luckey ei al. (9) . At the end of the 72 hour incu- 
bation period, the lactic acid was titrated ivith 0.1 n alkali, thymol blue 
being used as the indicator. All the other techniques were the same as 
described by Schweigert et al, (3). 

The requirement of Streptococcus faecalts for each of the amino acids 
listed in Table I was tested by omitting the appropriate amino acid from 


Table I 

Basal Medium for Assay Studies with Streptococcus faecalis* 


Constituent 

Amount per tube 

Constituent 

Amount 
per tube 


mg. 


mg. 

Glucose 

200 

1(4*) -Glutamic acid. 

4 

Sodium citrate 

250 

1-Asparaginc, 

4 

K2HP04 

50 

1 (4-) -Lysine monohydrochlo- 


Salts B 


ride . 

2 

MgSOi-VH.O 

2 

dl-Threonine 

2 

NaCl 

0.1 

dl-Valine 

2 

FeS04-7Hj0 

0.1 

-Isoleucine 

2 

MnS04-4H20 .... 

0.1 

dl-a-Alanine . . 

1 

Adenine 

0.1 

l(—) -Cystine 

2 

Guanine . . . , 

0.1 1 

/(-f-) -Leucine ... | 

2 

Uracil . 

0.1 

dl-Methionine .... ' 

1 

Xanthine . . • • • 

0.1 

^/-Phenylalanine 

1 


r 

/(-f) -Arginine hydrochloride. 

1 

Thiamine 

2 

/ (-h) -Histidine monohydro- 


Ca pantothenate . 

4 

chloride. 

0.5 

Pyridoxine . ' 

12 

/( — )-Tyrosine 

0,8 

Hiboflavin ' 

2 

U — ) -T ry ptophane 

1 1 

Nicotinic acid 

6 

Glycine 

! 0.2 

Biotin .... 

Folic acid concentratet. 

0.004 

0 02 (Be) 

d/-Serine 

: 1 


* In adapting this medium for the assay of threonine the following changes in 
amino acid concentration were made in accordance with the results obtained: ar- 
ginine, 0.5 mg.; serine, 0.5 mg.; and leucine, 1.0 mg. per tube. 

t Prepared according to the method of Hutchings ct al. (13). We are indebted 
to Mr. Keith McCall for suppl^dng this preparation. 

the basal medium. Se\’‘eral levels of each amino acid were then added and 
from the curves obtained hy plotting the number of cc. of alkali used against 
the amino acid concentration the amount of amino acid required for maxi- 
mum grotvth was computed. These results and the titration obtained 
when none of the amino acid Avas added are given in Table II. Lack of 
growth as indicated b}" low acid production when the amino acid was 
omitted from the medium was taken as evidence for the essential character 
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of tlus amino acid. A summarj^ of several assays indicates that alanine, 
tjTosine, phenylalanine, and glycine are stimulatoi^^ in their action. 


Table II 

Amino Acid Requirement of Streptococcus faecaUs 


Ammo sod 

Blank 

titration, 

0 1 N 

NaOH 

Amino 
acid per 
tube rc“ 
ciuired for 
maxim um 
growth 

Amino add 

BUnk 

titration, 

! OlN 
NaOH 

1 

1 Amino 

1 aad per 
tube re- 
1 quired for 
; maxtaum 
growth 


cc. 

nr . 


(C 

ni . 

Z(-f)“Glutamic acid 

1.4 

0.50 

Z(-f) -Arginine .... 

2.0 

0.30 

f-Asparagine 

6.6 

0.30 

Z(+)-Histidjne . . . 

1.8 

0.10 

ZC+l-hysine 

5.2 

0 60 

I(—) “Tyrosine 

8.4 

* 

dZ*a-Alanxne 

9.2 

• 

d/“Serine 

5.1 

0.35 

df “Valine 

2.6 

0.50 

Glycine 

7.9 : 

« 

Z(-b)-I<eucine 

3.2 

0.25 ! 

Z(—) “Tryptophane 

3.3 

0.075 

dl-Ieoleucine 

2.1 i 

0 50 ! 

Z(— )-Cy8tine ! 

2.7 

0.90 

dZ-Phenylalanine 

7 6 

* 

dZ“Threonine 

1.5 

0,15 

dZ'Methionine 

2.6 

0.25 

All present 

11.5 



• Stimulatory. 



Fig. 1. Tj'pical dZ-threonine standard cui^-^e 


When dZ-threonine was used as the standard, it was found to be oO per 
cent as active as the naturally occurring isomer^ (<i(— )'threonine). In 

* We are indebted to t)r R. T. Major of Merck and Company, Inc , for suppljnng 
some of the samples of threonine used in this work. 
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confirmation of the work of Stokes and Gunness (14) the unnatural isomer* 
(/(+)-threonine) was found to be completely inactive. Standard curves 
were obtained by using d^threonine over a range of 0 to 250 y per tube. 
A typical standard curve is sho™ in Fig. 1. Samples of muscle and organ 
tissues, casein, lactalbumin, soy bean oil meal, and ground com were 
analyzed for threonine. In all cases the percentage of total nitrogen was 
determined in duplicate by the Kjeldahl method. The meat samples were 
also analyzed for moisture and fat. 

Table III 


Proximate Analysis of Animal Tissues 


Tissue 

Sample No. 

1 Moisture 

Fat j 

Protein 



per cent 

per cent 

Per cent 

Veal 

1 

74.5 

3.7 

22.1 


! 2 

74.3 

3.9 

20.6 


3 

74.0 

5.3 

19.2 


4 i 

74.0 

2.5 

22.0 

Pork 

1 

54.8 

28.5 

16.3 


2 i 

51.8 

33,8 

13.0 


3 

55.7 

25.4 

18.8 


4 

49.8 

34.0 

16.0 

Lamb 

1 

58.2 

24.2 

16,4 


2 

67.1 1 

12,1 1 

18.6 


3 

67.7 

12.2 

18.6 


4 

I 61.4 

20.0 

16.6 


5 

1 63.1 

! 16.9 

17.5 

Beef 

1 

75.2 

I 6.2 

1 17.7 

** liver 

1 

67.4 

! 4.1 

' 19.8 


2 

69.5 

4.1 

20.0 

i 

3 

66.8 

4.0 

23.1 

** kidney I 

1 

79.2 

3.0 

14.5 


2 



14.6 

“ brain 

1 

79.1 

8.8 

11.3 


2 



10.2 

** tongue 

1 

66.6 

16.9 

16.0 


2.0 N hydrochloric acid was tried as the hydrolytic agent for liberating 
the threonine from the protein, since this reagent was found to be satis- 
factory’' for liberating leucine, valine, and isoleucine from natural materials 
(3, 4), Maximum liberation of threonine occurred when a 1 gm. sample 
was a\itoclaved udth 25 cc. of reagent for 2 to 5 hours. An autoclaving 
time of 5 hours .was used for all subsequent assay^s. The stability of threo- 
nine to this procedure of hy^drolysis was studied by^ adding dZ-threonine to 
several different samples of animal tissue prior to acid treatment. In 
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twelve different trials the recover^" ranged from 89 to 115 per cent, with 
seven of the values falling between 94 and 104 per cent. 

Table 


Threonine Content of Natural Foodstuffs 


FoodsttiS 

Siraplc 

No, 

Thrcomoc 

Ttreonine in 
protein* 

ToulN 

TkreosiES N of 
total K 

Veal 

1 

fcTcetd 

0.99 

i<7 C(nt 

4,1 

ftr cent 

3.53 

percent 

3.3 



0.78 

3.8 

3,30 

2.8 



0.76 

4,0 

3.07 

2.9 



0.96 

4.4 

3.S2 

3.2 

Pork 

1 

0.78 

4.8 

2.56 

3.1 (Average) 
3.5 


2 

: 0.62 

: 4.8 

2.0s 

3.5 


^ 3 

0.66 

3.5 

3.01 

! 2.6 


1 ^ 

0.74 

4.6 

2.56 

3.4 

Lamb 

1 

1 

i 1 

0.75 

4.5 

2.62 

3.3 (Average) 

3.4 


2 ! 

0.80 

4.3 

2. 98 

3.2 


3 

O.SO 

4.3 

2.9S 

3,2 


4 

0.70 : 

4.2 

2.66 

3.1 


5 

0.63 : 

3.9 

2.80 

2.9 

Beef 

1 

1 

0.65 

3.7 

2.83 

3.1 (Average) 
2.7 

” liver 

1 

0.91 

4.6 

2.81 

3.5 


2 

0.90 

4.5 

3.20 

3.3 


3 

1.01 

4,4 

3.67 

3.2 

kidney 

1 

O.W 

4.4 

2.34 

3.2 


2 

0.72 

4.9 1 

2.34 

3.6 

** brain 

1 

0.53 

4.6 I 

1.80 

3.4 


2 

0.48 

4.7 

1.63 

3.4 

** tongue 

1 

0.76 

4.7 

2.56 ' 

3.5 

Ground com 

1 

0.40 

4.7 

1.35 ; 

3.5 

S03’ bean oil meal 

1 

1.70 

3.9 

7.02 

2.9 

Casein* 

1 

3.18 

3-7 (3.8) 

13.04 

2.7 

Lactalbumin* 

1 

4.75 

5.0 (5.2) 

15.4 

3.7 


* AH values are calculated to 16 per cent N. The values in parentheses are cal- 
culated to 15.6 per cent nitrogen for casein (Chibnall el aL (15)) and 15,4 per cent 
nitrogen for lactalbumin (Jones and Johns (16)). 


The proximate anal3’ses of the various animal tissues are given in Table 
III. In Table TV are summarized the threonine data expressed as per 
cent of the sample as analyzed, per cent threonine in the protein (calcu- 
lated to 16 per cent N), and the per cent threonine N of the total N. 
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DISCUSSION 

It is evident from Table II that glutamic acid, asparagine, lysine, valine, 
leucine, isoleucine, methionine, arginine, histidine, serine, tryptophane, 
cystine, and threonine give standard responses Tvith Streptococcus faecalis. 
Alanine, tyrosine, phenylalanine, and glycine seem to have onlj^ a stimula- 
tory action under the conditions of these experiments. This work suggests 
that Streptococcus faecalis can also be used for the estimation of methionine 
and histidine. 

The qualitative requirements for the amino acids as determined in the 
present work differ somewhat from those reported by Snell and Guirard 
(12). They reported that no decrease in the amount of gronih resulted 
when methionine, valine, histidine, and isoleucine were omitted from the 
basal medium. They also reported that alanine was ne^ed for the groAvth 
of Streptococcus faecalis but in the present work onl}^ a slight increase in 
growth resulted when levels of alanine up to 0,5 to 2.0 mg, per tube were 
tested; consequently 1 mg, per tube was used in all subsequent work. 
Undoubtedly the purity of the amino acids and the different assay tech- 
niques employed were largely responsible for the differences noted. 

The reliability of Streptococcus faecalis for the threonine assay has been 
shown b}^ excellent recoveries and excellent checks obtained ivith different 
levels of the test samples. Autoclaving samples of animal tissues for as 
long as 18 hours mth 2 n HCl did not result in an increase or a decrease in 
the values obtained. The adequacy of the method of hydrolysis was 
further established by the fact that no increase in values was obtained 
after autoclaving for 2 hours with 2 N HCl. In the first half hour as much 
as 75 per cent of the threonine was liberated. The standard w^as shown to 
be reliable, since the naturally occurring isomer gave the same grow’th 
response to Streptococcus faecalis as t^vice that amount of d/-threonine. 

There are no values in the literature for the threonine content of biologi- 
cal material determined by the microbiological method. However, the 
values obtained in this study compare reasonably w'ell with those obtained 
by the chemical methods summarized by Block and Bolling (17, 18). The 
follo'wing comparisons can be made when both values are expressed as per 
cent threonine N of the total N and the microbiological values are given 
first: casein 2.7 and 2.9, lactalbumin 3.7 and 3.9, S03’' bean meal 2.8 and 
2.9, ground com 3.5 and 2,6. 

It is interesting from a nutritional point of vie^v that most muscle meats 
contain about 0.7 to 0.8 per cent threonine or approximately 4.0 per cent 
on a protein basis. When the results are expressed as per cent threonine 
nitrogen of total nitrogen, the values are remarkably constant for muscle 
meats. The values for the other tissues tend to be slightly higher but 
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many more values are needed before any significance can be attached to 
these small differences. It is clearly e\ident that lactalbumin contains 
more threonine than casein, because values of 5.2 and 3.8 are obtained 
when the calculations are made on the true nitrogen content. The values 
for the natural products are minimum when e.vpressed as per cent threonine 
Is of the total X, because some of the total X of these samples is non- 
protein N (Beach ci ah (19)). It would be valuable to know the exact 
quantits^ of protein and non-protein nitrogen in each sajnp}e but many 
difficulties are involved in such determinations. TTith the improved 
methods for the estimation of amino acids now becoming available it may 
soon be possible to determine directly all of the amino acids in biological 
materials with considerable accurac)'. When this can be done, the best 
procedure may be to calculate the N in each amino acid as per cent of total 
N and the non-amino acid nitrogen can then be estimated by difference. 

smtxiARY 

The amino acid requirements of Streptococcus faecalis have been investi- 
gated. Leucine, threonine, glutamic acid, aspara^e, lysine, valine, iso- 
leucine, methionine, ar^nine, histidine, serine, tiyptophane, and cystine 
were required and alanine, t 3 T 0 sine, phenjdalanine, and gh'cine were found 
to be stimulator}'. 

Streptococcus faecalis has been used for the assaj' of threonine in natural 
materials. Suitable recover}' experiments and a stud}' of methods of 
hydrolysis established the validity of the assay. 

The follo\ring values were obtained: animal tissue protein 4.1 to 4.7, 
casein 3.7, lactalbumin 5.0, soy bean oil meal 3.9, and whole com 4.4 per 
cent threonine in the protein (calculated to 16 per cent X). The values are 
also expressed for each sample on the basis of the per cent threonine X of 
the total X. 
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DIETARY FACTORS IN THE REGULATION OF UYER LIPID 
CONCENTRATION 


By PHILIP HANDLER ^ 

{From the Department of Biochemistry, Duke University School of McdicinCy 
Durham, North Carolina) 

(Received for pubHcation, October 29, 19-15) 

The admnistration of a liver extract (1) or biotin (2) to rats which had 
previously been fed a low protein diet ^\’ith no B vitamin supplement for 3 
weeks has been obser\’ed to result in fattj’’ livers despite the presence of an 
adequate supply of dietary choline. However, when inositol w'as also in- 
cluded in the diet, normal liver fat concentrations were found (3). The 
present paper describes an attempt to determine whether biotin or any 
other factors present in the liver extract play specific roles in the regulation 
of the liver lipids or whether they simply increase the demand for lipo- 
tropic factors by stimulating the appetite and groAvi-h of pre\'iously stunted 
rats. It was also hoped that the data might explain the need for dietary 
inoatol imder such conditions, since choline and methionine suffice to pro- 
^dde normal fat concentrations in the livers of rats fed the usual synthetic 
rations, and to indicate whether other dietarj^ factors such as tocopherol, 
\’itamin K, and the unsaturated fatty acids also function in this system. 

EXPERIMENTAL 

The experimental procedure followed, as closely as possible, that used 
by McHenrj’^ and his coworkers (1-5). Male rats of the A'anderbilt strain 
(6) were grown to a weight of 80 gm. and then housed in indhidual cages 
and placed upon the depletion diet (A) for 3 weeks. Less than 6 per cent 
of the animals failed to survive this period, while the survivors usually 
weighed between 55 and 70 gm. They were then offered the diets shown 
in Table I and in addition all animals were given the follo^^ing supplement 
by subcutaneous injection daily: thiamine 25 7, ribofla\in 30 7, calcium 
pantothenate 100 7, pjTidoxine hydrochloride 20 7, nicotinamide 50 7, 
p-anunobenzoic acid 100 7. The doses of the other supplements, when 
given, were choline 30 mg., inositol 30 mg., biotin 5 7, folic acid 5 7, a- 
tocopherol 200 7, and naphthoquinone acetate 20 7; and 0.1 cc. of refined 
com oil was used as a source of unsaturated fatty acids. Both crv'stalline 
folic acid and a potent liver concentrate were used but no differences were 
observed in their effects. The liver extract was prepared by the procedure 
of McHenry' and Gavin (1) and, when desired, 0,5 cc. was mixed with 
about 2 gm. of the proper diet and placed on top of the remainder of the 
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food in each individual feeding cup. This amount of extract proiided 
about 5.5 mg. of choline, less than 2 mg. of inositol, about 2 7 of biotin, and 
appreciable quantities of folic acid. The latter was assayed against another 
liver standard and it is not possible to state the actual quantity present. 
All animals were sacrificed after 7 days, except when stated otherwise, and 
liver samples taken for analysis. Fatty acids were determined in the 
usual fashion ( 8 ) and cholesterol was estimated by the procedure of Schoen- 
heimer and Sperry (9). The results are summarized in Tables II and III. 
Each value is the mean for a group of ten rats. 

Wlien the low fat diet (B) was fed with only the basal supplement, fatty 
livers were obtained which were prevented by choline. Inositol appeared 
to have some lipotropic activity but it was not as marked as that of choline. 
The administration of liver extract resulted in fatty livers which were 
somewhat diminished in fat content by additional choline (the extract pro- 

Table I 


Composition of Diets 


- 

Dwt A 1 

Diets 

Diet C 

DictD 

Diet E 

Casein 

10 

10 

10 

10 

12 

Sucrose 

84 ' 

83.6 

63.1 

84 

71.1 

Crisco 


1 

20 1 


10 

Salts (Hubbell et aL (7)) 

4 

4 

4 

4 

4 

Cellulose 

2 

2 

2 

2 

2 

Sulfasuxidine 

1 

1 


1 1 

1 

Cystine 


i 0 4 

i 0.4 


1 0.4 

Cholesterol 



1 0 5 


i 0.5 


vided only 5 mg. of choline per day) and more so by inositol, but prevented 
only by a combination of the two. When biotin was given in addition to 
the basal supplement, there were again found fatty livers partially re- 
sistant to the action of either choline or inositol alone but susceptible to 
their combined action. However, the biotin effect was not as pronounced 
as that of the liver extract in stimulating appetite, growth, or liver lipid 
•content. These findings are all essentially in agreement with the findings 
of McHenry and Gavin (1~4). Since it seemed possible that folic acid 
might be the substance in liver extract which accounted for the difference 
between its action and that of biotin, the effects of this compound ivere 
studied. Wlien given ivith the basal supplement, however, it appeared 
to have no effect on any of the factors which were measured and so it was 
tried in combination with biotin. The results with this combination 
were almost identical with those observed when the liver extract was used. 

IVhen the high fat diet (Diet C) was employed, it was found that even 
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without liver extract, biotin, or folic acid, the presence of both choline and 
inositol was required for the maintenance of normal liver lipid concentra- 
tions. It should be noted that Diet C provided 4.5 kilocalories per gm., 
wlule Diet B pro\dded 3.7 kilocalories per gm. The effects of the liver 
extract and of the biotin-folic acid combination were evenfnore pronounced 
on the high than the low fat diet; so that the administration of choline plus 
inositol did not provide normal liver lipid concentrations until the 2nd 

Table II 


hipolTopic Activity of Choline and Inositol on Loin Fal Diet B Plus Basal Vitamin 

Supplement 


Group 

No. 

Supplcincat 

Weight 

chingc 

Food 

intake 

Liver fatly 
adds, mean and 
standard error 

Ijver 

choles- 

terol 



rw. 

gn. p€r 

f€T CtrU tret 

per cent 
Tcef 
Ktizkl 



day 

treigkt 

1 

None 

9.1 

6.0 

18.7 ifc 3.1 

0-51 


Choline 

11.7 

5.9 

5.3 ± 0.4 

0.42 


Inositol 


5.7 

16.8 di 2.9 

0.39 


Liver 


11.6 

Z3.4 3.6 

0.93 

5 

“ -f choline 

24.4 

11.1 

20.7 dz 1,9 

0.S2 

6 

** -p inositol 

19.7 

12.2 

8.4 i 0.6 

0.47 

7 

“ + “ + choline 

23.6 

11.9 

4.8 db 0.3 

0.36 

8 

Folic acid 

10.3 

6.1 

20.2 i 1.7 

0.56 

9 

Biotin 

16.8 

7.8 

19.6 zSz 2.4 

0.74 

10 

“ + choline 

16-0 

7.9 , 

8.8 zb 0.5 

0.69 

11 

” -f inositol 

17.2 

7.7 

13.6 ± I S 

0.55 

12 

“ “f " + choline 

17.6 

8.3 

4.6 db 0.3 

0.32 

13 

“ A- folic acid 

21.7 

10.8 

21.7 dz 3.5 

0.88 

14 

“ -h “ “4- choline 

19.9 

11.7 

18.4 zb 2.7 

0.80 

15 

4- “ “ + inositol 

19.0 

12.9 

17.8 d= 1.9 i 

0.49 

16 

choline 

21.1 

11.9 

5.3 i 0-3 

0.31 

17 

Biotin -f- folic acid 4- inositol 4- 

19.6 

11.8 

10.4 zfz 0.7 , 

0.41 


tocopherol 





18 

Biotin 4" folic acid 4- inositol 4- com 

18.8 

12.1 

22.0 zb 1.5 

0.66 


oil 





19 


57.4 

8.7 

6.1 ± 0.4 

0.35 


week. Of considerable interest was the obser\'ation that on both diets 
supplementary choline alone was sufficient to obtain normal lipid concen- 
trations even in the presence of liver extract or biotin plus folic acid if the 
experiment was continued for 24 days. It should also be noted that no 
differential behavior between cholesterol and liver fat was found. The 
livers of highest fat content contained the greatest amount of cholesterol 
and livers of normal fatty acid concentration also were of normal cholesterol 
content. 
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Since biotin, folic acid, and inositol are normally available to the rat 
from synthesis by the intestinal microorganisms, it seemed possible that 
the effects of these substances might better be studied in animals in which 
the intestinal synthesis was inhibited by the incorporation of dietary sulfa- 
suxidine (succinylsulfathiazole). The technique was similar to that above. 
All animals were depleted for 3 weeks on Diet D which differed from Diet A 
only in that it contained sulfasuxidine, and then were switched to Diet E 
which also contained sulfasuxidine and whose fat content was intermediary 


Tablk III 

Lipotropic Activity of Choline and Inositol on High Fat Diet C Plus Basal Vitamin 


Supplement 


Group 

No. 

Supplements 

T^cight 

change 

Food 

intake 

Liver fatty 
adds, mean and 
standard error 

Liver 

cboles' 

terol 



gm. 

gtn. per 
day 

per certt vet 
wigkl 

per eent 
vet 
veight 

1 

None 

22.1 

6.3 

26.1 ± 3.6 

jMa 

2 

Choline 

23.3 

5.9 

11.8 ±0.8 


3 

Inositol 

20.8 


17.2 ± 1.9 


4 

+ choline 

23.8 

6.4 

7.3 ± 0.6 

Xpl 

5 

Liver 

40.8 

10.4 

27.3 ± 4.4 


6 

** + choline 

36.4 

11.1 

19.9 ± 3.1 

0.90 

7 

+ inositol 

39.1 

10.7 

14.9 ± 1.7 

0.74 

8 1 

^^4* ** 4* choline ; 

42.2 

11.4 

11.7 ± 0.8 

0.63 

9 1 

^^4- ‘‘4* “ 14 days 

73.0 

9.6 

5.8 ± 0.3 


10 ; 

Biotin 4- folic acid i 

37.9 

11.2 

25.9 ± 3.7 

1.22 

11 

“ 4- “ “4- choline 1 

38,4 

10.8 

18.1 ± 1.6 

0.90 

12 i 

4- ** “4- “ 14 days 

66.8 

9.6 

11.2 ± 0.6 


13 1 

** 24 

79.3 

8.9 

6.0 ± 0.6 

rm 

14 

** 4- ** ** + inositol 

35.1 

10.4 

19.7 ± 2.4 

0.77 

15 

4- ‘‘ ^*4- + 

choline 

40.2 

11.3 

10.3 ± 1.8 

0.54 

16 

Biotin 4* folic acid 4- inositol + 
choline 14 days 

64.9 

10.0 

5.1 ±0.3 

0.33 


between that of Diets B and C but did contain cystine and cholesterol 
The same basal supplement was also given to these animals but without 
p-aminobenzoic acid. The results are summarized in Table IV, Each 
figure represents the mean of a group of ten rats. 

The results were essentially in agreement with those found previously. 
Again choline alone was sufficient to maintain normal liver lipid concentra- 
tions (Group 2) unless biotin and folic acid were present (Groups 8 and 15). 
The effects of biotin alone (Group 10), however, were less notable than in 
the prerious experiments, presumably because of the diminished supply of 
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folic acid from in train testinal sjm thesis, while folic add alone (Group 11) 
exerted even less effect than biotin alone. The combination of choline 
plus inoatol alwaj^s served to regulate the liver lipids unless unsatu- 
rated fatty acids were given (Group 9) -or tocopherol were lacking 
(Group 13). However, neither of these effects was veiy marked and may 
not be real. No effect ascribable to the presence or absence of \itanain K 
was noted, although it must be stated that no prothrombin time deter- 
minations were performed on the blood of animals in Group 16, and in fact 

Tabu: IV 

Efecl of Sulfa^uxidinc on I/iver Fat Concentration 


All animals received Diet E -f the basal \'itamm supplement. 


Gtcrap 

No, 

Qso- 

Uae 

Icosj- 

tol 

Bio- 

tin 

Folic 

acid 

Toc- 

oph- 

erol 

Napb- 

tho- 

qni- 

none 

Corn 

oil 

Food 

isuke 

Weight 
( change 

liver fatty 
adds, roean and 
standard error 

No. of rats 
vrith 

hoBorrhagic 

kidneys 









f m, per 
day 


per cent 


1 

0 

EB 


■Bi 

0 

0 

0 

5,8 

15.2 

18.2 ± 2.2 

2 

2 

+ 

0 


0 

0 

0 

1 0 

5.9 

14.0 

4.8 0.3 

0 

3 

0 

: + 



0 

0 

0 

5.6 

15.7 

10.1 d= 1.1 

2 

4 

0 

1 4“ 



0 

0 

4- 

5.2 

: 13.7 

22.2:1:3.4 

4 

5 

0 

0 


: + 

-L 

-f 

0 

8.8 

26.1 

27.4 ± 3.2 

6 

6 

+ 1 

+ 

+ 

4- 

1 + 

4- 

0 

10.2 

37.6 

7.1 db 0.6 

0 

7 

0 

+ 

4- 

4- 

4- 

4* 

0 

9.9 

32.4 

23.2 db 2.7 

4 

8 

-f 

0 

-f 

+ 

4- 

4- 

0 

9.6 

29.1 

16.4 =fc 1.8 

1 

9 

+ 

+ 

4- 

4- 

4- 

4- 

4* 

10.6 

35.3 

8.2 d:0.8 

0 

10 


0 

4“ 


+ 

4- 

0 

7.3 

21.5 

8.1 ± 1.0 

0 

11 

+ 

0 


+ 


4- ! 

0 

7.0 

23.7 ; 

7.0 db 0.3 : 

0 

12 

4* 

0 



+ * 

4- ’ 

0 

5.4 1 

14.6 ' 

5.0 d= 0.2 

0 

13 

+ 

4- 



iMf 

4- 

0 

10.0 

28.1 

9.2 d= 0.5 

2 

14 

0 

+ 


+ 

0 

4- 

0 

9.3 i 

26.4 

28.5 d= 3.6 

7 

15 

+ 

0 

4- 

4- 

0 

4- 

0 

9.9 : 

30.1 

21.0 rfc 3.1 ; 

4 

16 


4- 

+ 

4- 

+ 


0 

10.4 I 

34.0 

7,1 db 0.4 I 

0 

17 


0 


4- 

4- 


0 ; 



8.9 i 0.7 : 

0 









HI 



(24 days) 


no specific deficiency symptoms of biotin, folic add, or inodtol ever were 
noted. In contrast to the former results, however, was the finding that 
rats given choline, folic add, and biotin still appeared to require dietary 
inodtol after 24 days (Group 17). 

The inhibition of the lipotropic action of inositol by unsaturated fatty 
adds reported by Beveridge and Lucas (10) was confirmed in both series of 
experiments (Table II, Group 18; Table IV, Group 4). Some suggestive 
evidence of a syner^sm between inodtol and tocopherol was also obtained 
in both series. This can be seen in Table 11 by comparing Groups 15 
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and 17. In the sulfasuxidine series, when biotin and folic acid were given, 
in the absence of choline, inositol plus tocopherol (Group 7) was slightly 
more effective in regulating the liver lipid than was inositol alone (Group 
14). Further, even when choline was included vith biotin, folic acid, and 
inositol, slightly fatty livers were found when no tocopherol was given 
(Group 13), while when choline and tocopherol were not included in the 
supplement the highest concentrations of liver lipids and the greatest inci- 
dence of hemorrhagic kidneys were observed (Group 14). However, there 
was no evidence that tocopherol exerted an}'' lipotropic influence of itself 
(Group 5). 


DISCUSSION 

In the recent work of MacFarland and McHenry (5) it was found that, 
while inositol alone was sufficient to control liver lipid concentrations when 
liver extract was administered, the combination of choline and inositol 
was required when crystalline biotin was given. On this basis the authors 
sought to distinguish between the biological activity of the liver extract 
and that of biotin and also between the mechanisms involved in the lipo- 
tropic actions of choline and inositol. However, the liver extract used 
contained about 20 mg. of choline per cc. according to Gavin and McHenry 
(2) and since the dose used by the former authors was 2.0 cc. per day they 
supplied approximately 40 mg. of choline per day in the liver extract. In 
consequence, the addition of further choline to the diet could nol have been 
expected to have any lipotropic action and only inositol was required to 
secure normal liver lipid concentrations. In our present work, the liver 
cxtrifct provided only 5.5 mg. of choline per day; so that further choline as 
well as inositol Avas required to regulate the liver lipids. 

WHiile biotin and folic acid, under the specific conditions employed in 
this work, definitely increased the demand for dietary lipotropic factors, 
there is no evidence that either of these substances actually plays a specific 
role in lipid metabolism. AVhen liver extract or biotin plus folic acid as 
well as the basal supplement was included in the diet of rats which had 
previously existed on a diet seriously deficient in all of these factors, there 
occurred a much greater increase in food consumption and growth than 
that seen when only those members of the vitamin B complex Avliich are 
normally required to be present in the diet of the rat (basal supplement) 
were given. Under these circumstances then it would seem reasonable to 
expect an increased demand for lipotropic factors; f.e., choline and inositol. 
The demand for inositol diminished as the appetite and growth stimulation 
by the folic acid-biotin combination tapered off. This occurred Avhen the 
rats had attained a size not much smaller than that of animals of a com- 
parable age on the same basal diet (which is low in protein) supplemented 
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with the basal vitamin mixture but never pre\iously depleted. At this 
point also it seems likely that the intestinal flora ^v^Jich normal!}" provides 
the biotin, folic acid, and inoatol for rats on diets devoid of these factors 
is again established and capable of meeting the requirements for these 
substances. This is borne out by the finding that w'hen sulfasuxidine, 
folic acid, and biotin were given there w’as still a small demand for inositol 
after 24 days. Such a point of view seems reasonable also when one con- 
siders the demand for inositol as well as choline when the high fat diet ivas 
fed without any liver extract, biotin, or folic acid. It is consistent also 
with the pre\ious observations (8, 11-13) that fatty livers due to choline 
deficiency are not found in animals wiiich are, for any reason, losing w^eight 
and that the extent of the accumulation of liver fat in choline deficiency is 
roughly proportional to the food consumption and growth rate, particularly 
in young rats. From this standpoint, there is no real justification for the 
use of the term “biotin fatty liver.” 

Probably the significance of the present study lies in the suggestion that 
a diet which is seriously inadequate in the usual accessory food factors may 
not only result in the deterioration of the host animal but also of the symbi- 
otic microorganisms in the bowel and thus produce a deficiency of the 
factors ordinarily pro\dded by these organisms for their host. Further, 
since there is an increased appetite and over-all metabolism during the 
period of convalescence from any disease in w’lnch there is appreciable 
wd^t loss, there may then occur an increased demand and consequent 
relative deficiency in the supply of those ^dtamins provided by the intes- 
tinal organisms, as their sjmthetic po\vnrs may well be limited. 

The present work does confirm the lipotropic action of inoritol, although 
it does not suggest any mechanism for this behavior. In contrast to 
previous suggestions (3, 5) the data do indicate that inositol exerts no 
selective activity for cholesterol esters rather than the glycerides. The 
possibilities remain that it functions either by the formation and trans- 
port of inoatol-containing phospholipids or as a phosphorylating catalyst, 
perhaps similar to phytic acid, which accelerates the formation of the nitro- 
genous phospholipids. This possibility is novr being investigated. Hovr- 
ever, it does appear that even in the absence of dietary choline inositol 
exerts lipotropic acthdty. The antagonistic action of the highly un- 
saturated fatty acids w’as also confirmed. 

Of interest is the repeated suggestion that tocopherol may also function 
in this system. The efi^ects noted, while quite small, were consistent and 
in keeping with evidence from other sources. Thus Milhorat and Bartels 
(14) have suggested that a tocopherol-inositol ether may be an active agent 
in reducing the creatinuria of human muscular dystrophy. Dam and 
Glavind (15) have found that inoritol prevents the exudative diathesis of 
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vitamin E-deficient chicks, a form of capillary damage which may be 
similar or analogous ^o the hemorrhagic kidneys of choline-defident rats, 
and that inositol prevents the deposition in the soft tissues of vitamin E- 
deficient animals (16) of a b^o^\7l pigment somewhat similar to the ceroid 
in cirrhotic livers due to choline deficiency (17). In both instances the 
accumulation of this pigment is dependent upon a source of unsaturated 
acids, usually a fish liver oil (16, 18, 19). The deposition of such a pigment 
in the muscle, both smooth and striated, of vitamin E-deficient animals 
has been a consistent finding (20). While Dam has stated that no toco- 
pherol was found in an alkaline hydrolysate of a lipocaic preparation (16), 
this problem warrants further investigation, since inositol has been impli- 
cated as an active component of such preparations (21) although it cannot 
of itself entirely account for lipocaic activity (22). Further, we are now 
determining the effects of inositol and tocopherol on the deposition of 
ceroid in cirrhotic livers due to choline deficiency. 

This work was supported by grants from the Josiah Macy, Jr,, Founda- 
tion, the Duke University Research Council, and a Charles B. Mayer 
fellowship of the New York Academy of Medicine. Our thanks are due to 
Dr. Thomas L. Jukes and Dr. E. L. R. Stokstad of the Lederle Laboratories, 
Inc., for their generous gift of folic acid, to Merck and Company, Inc., for 
the other crystalline vitamins used in this work, and to Dr. Dean Burk for 
a biotin analysis of the liver extract. 

SUMMARY 

The administration of biotin plus a basal B vitamin supplement to rats 
which had previously been fed a low protein diet vith no B vitamins re- 
sulted in fatty livers despite the presence of adequate amounts of dietary 
choline. This was accompanied b 3 '^ a considerable increase in food con- 
sumption and growth. The further addition of folic acid accentuated these 
phenomena, although folic acid \vithout biotin did not produce these effects. 
Inositol prevented the accumulation of liver fat ^vithout affecting either 
appetite or the growth rate. When a relatively liigh fat diet plus the basal 
B vitamin supplement was given to previously depleted rats, inositol was 
again found necessary to maintain normal liver lipid concentrations even 
in the absence of supplementary biotin, folic acid, or liver extract, and 
the effects of biotin plus folic acid were even more pronounced on this diet. 
However, if the experiments were continued for 24 days, choline alone 
sufficed to provide normal liver fat concentrations, as the food consumption 
and growth rate declined after the 1st week ^vith a consequent decrease in 
the demand for dietary lipotropic factors to a level at which the supply 
of inositol from S 3 mthesis by the intestinal flora was sufficient to meet the 
inositol requirement. When sulfasuxidine was included in both the deple- 
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tion ration and the experimental diet, the effects of the biotin-folic acid 
combination were again mamfest but neither alone markedly affected 
appetite, gron*th, or liver lipid concentrations. However, the demand for 
dietaiy’’ inositol was still apparent even after 24 days, presumably because 
of inhibition of intraintestinal s^mthesis. The inhibition of the lipotropic 
action of inositol by unsaturated fatty acids was confirmed and suggestive 
e^ddence was obtained for a sjTiergistic activity of inositol and tocopherol 
in this system, although tocopherol of itself exerted no apparent lipotropic 
actmty. The significance of these findings is discussed. 
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THE EFFECT OF RIBOFLAVIN ANALOGUES UPON THE 
UTILIZATION OF RIBOFLA^TN AND FLA^UN ADENINE 
DINUCLEOTIDE BY LACTOBACILLUS CASEI* 

Br HERBERT P. SARETTf 

{From the Department of Chemistry ^ Oregon State College, Corvallis) 
(ReceWed lor publicalion, August 2S, 19t5) 

Since new analogues of riboflavin have been synthesized which inhibit 
the growth of rats and of microorganisms which require riboflavin (1~3), 
it was decided to test the effect of some of these compounds upon the 
utilization of riboflavin and flavin adenine dinucleotide (FAD) for growiih 
of Lactobacillus casei. Other compoimds structurally related to riboflavin 
were also studied. 

It has been shoiiMi that isoriboflavin, 5,6-dimethyl-9-(d-l'-ribityI)- 
isoalloxazine, which inhibits the growth of rats oh diets free of or low in 
riboflavin (3), has less than 0.5 per cent of the activity of riboflavin for 
Lactobacillus casei and has no effect upon acid production by this organism 
in the presence of maximal amounts of ribofla\dn (4). The present experi- 
ments show that isoriboflavin markedly stimulates acid production by 
Lactobacillus casei in the presence of suboptimal levels of riboflavin or FAD. 

' Snell and Strong (5) observed similar effects of other riboflavin analogues 
on the growth of lactic acid bacteria. 

The ribitylamino compound, l“ribityl-2-amino-4,5-dimethylbenzene, 
also has slight riboflavin-like activity and an augmenting effect upon the 
utilization of ribofla^dn. However, the addition of alloxan (which can be 
condensed synthetically with the ribitylamino compound to form riboflavin 
(6)) permits better utilization of the ribitylamino compound and suggests 
some synthesis of riboflavin by the bacteria. 

The diaminophenazine compound (2,4-dianmio-7,8-dimethyl-10-ribityi“ 
5,10-dihydrophenazine), synthesized by Woolley, competitively inhibits 
the utilization of riboflavin for growi^h of Lactobacillus casei, as was reported 
(2) and has the same effect upon the use of FAD. 

Lumiflavin, 6,7,9-trimethylisoalloxazine, has both an inhibitory^ and a 
stimulatory action upon the growi;h of Lactobacillus casei. In the presence 
of relatively large amoimts of lumiflavin the grow'th with riboflavin is 

* A preliminary abstract of this paper has appeared {Federation Proc., 4, 101 (1945)) . 
Published with the approval of the Monographs Publication Committee, Oregon 
State- College Research Paper No. 97, School of Science, Department of Chem- 
istry. This work was supported by the Nutrition Foundation, Inc. 

t Present address, Tulane University Medical School, New Orleans, Louisiana. 
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inhibited. As the amount of riboflavin is increased, a zone is reached in 
which the acid production is increased in the presence of lumiflavin. How- 
ever, lumiflavin inhibits the utilization of FAD for growth of Lactobacillus 
casei at much lower concentrations than are required for inhibition of ribo- 
flavin activity. In this respect the data presented on inhibition by lumi- 
flavin are similar to those reported for thiamine and diphosphothiamine 
inhibition by pyrithiamine (7). 

EXPERIMENTAL 

Methods 

The experiments were carried out vdth Lactobacillus casei, and either the 
alkali-treated peptone medium of Snell and Strong (8) or the hydrolyzed 
casein medium of Landy and Dicken (9). The biotin content of the latter 
medium was decreased to one-fifth of that of the original, since it was found 
to be present in large excess. Growth was determined by pH measure- 
ments after 24 hours of incubation at 37° or by titration of the acid produced 
in 72 hours. For experiments involving titration of acid produced, the 
glucose concentration of the medium was doubled and the acetate content 
tripled to provide better growth curves (10). However, for best results 
wth pH values the original concentrations of glucose and acetate were 
used. 

Graded amounts of riboflavin or FAD and other substances to be tested 
(at pH 6.8) were measured into tubes, diluted to 6 ml., and 5 ml, of medium 
added. (Some of the compounds studied were sterilized by filtration and 
added to the cooled tubes after autoclaving, but prior to inoculation.) 
The tubes were covered vdth glass caps, autoclaved, and each inoculated 
with 1 drop of a suspension of Lactobacillus casei, prepared by diluting 1 ml. 
of an actively grondng 20 to 24 hour culture with 15 ml. of sterile saline. 
Unnecessary exposure of all solutions to light was avoided. 

Results 

Isoriboflavin {5 ,6-Dimcthyl-9-{d'l'-ribiiyl)4soalloxazinc ) — Tlie utiliza- 
tion of isoriboflavin^ and its effect upon growth with suboptinial amounts of 
riboflavin and FAD were studied with the peptone and casein media. 
Table I shows the riboflavin-like activity found on both media \vith 0 to 
0.1 7 of added riboflavin in the presence of 1 to 300 y of isoriboflavin. The 
response obtained vdth isoriboflavin alone is not proportional to the amount 
present. It is not knovm whether any part of this activity is due to traces 

* A sample of isoriboflavin was generously supplied through the courtesy of Dr. 
Gladys A. Emerson and her associates at the Merck Institute for Therapeutic Re- 
search. 
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of ribofla\’in in the isoribofla\nn. With the peptone medium the per cent 
activity of isoriboflavin (compared to riboflaAnn) decreases from 0.4 to 
0.04 as the amount of iso^ibofla^nn is increased from 1 to 300 7- Con- 
versety, the per cent actmty of isoribofla\dn added to the casein medium 
increases from 0.01 to 0.05 as the level of isoriboflavin is increased to 300 7 . 
The peptone medium supports more growth in the blank tubes than does 
the casein medium (Fig. 1). This is presumablj*' due to the presence of 
more ribofia\dn in the basal peptone medium than in the casein medium. 


Table I 

Stimulalion by Isoribojlavin of Utilization of Riboflavin for Growth 
of Lactobacillus casei 

I I RiboSa\’in-like activity found* 


Growth medium 

Isoribofiavin 

Ribofiavno present 

0 

d 

0.025 T 

0.05 7 1 

1 0.075 7 

0.1 7 



7 

7 

WBM 


7 

Peptonef 


0.001 

0.05 


BB 

0.18 



0.025 

0.09 

webm 

■gga 

0.23 


50 

0.06 

0.11 

0.17 

0.25 

0.27 


100 

0.07 

0.14 

0.24 


0.28 


300 ! 

0.11 

0.22 

0.26 


0.31 

Caseint 

10 1 

0.001 

0.12 

0.16 

0.30 

0.40 


50 

0.01 

0.15 

0.25 

0.35 

0.43 


100 

0.06 

0.22 

0.28 

0.37 

0.42 


300 

0.14 

0.27 

0.32 

0.39 

0.41 


• Measured by tbe acid produced in 72 hours. All values are given in terms of 
microgram per tube (10 ml .) , 
t See the text. 


Since the apparent activity of isoriboflavin is increased in the presence of 
small amounts of riboflavin, this may partial!}” account for the greater 
response to the smaller amounts of isoriboflavin on the peptone medium. 

In the presence of added riboflavin, however, isoriboflavin stimulates 
acid production more with the casein medium than with the peptone me- 
dium and shows a greater riboflavin-like activity. This may be seen in 
Table I and Fig. 1. Fig. 1 shows the acid production of Lactobacillus casei 
in the presence of graded amoimts of riboflavin on both media, and with 10 
7 of isoriboflavin per tube. The same effects of isorib ofla\”in are obtained 
when FAD is substituted for riboflavin. The difference in stimulatory 
action of isorib ofiavin on the two media may be due to differences in the 
protein degradation products in the two media, as is suggested by the fol- 
lowing experiments on riboflavin assay of foods and tissues. Isoriboflavin 
was added to the basal medium (10 7 per tube) in an attempt to increase 
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the sensitivity of Laciobacilltis casei to riboflavin (Pig. 1 ) and to permit 
more accurate assay of low potency foodstuffs and tissues. The stimula- 
tion of isoriboflavin decreased as increasing amounts of food extracts 
(enzymatic digests or acid hydrolysates) were added, resulting in a “down- 
drift^’ of riboflavin values at higher levels of assay. This ‘^do^vndrift” 
was greater when the casein medium was employed and was especially 
marked when foods of high protein content were analyzed. 

Ribiiylamino Compound (1 -Ribitylamino-2-amino-4 , 6-dimethylhenzene) 
and Alloxan — The ribitylamino compound” has about 0.003 per cent of the 
activity of riboflavin when incorporated into the medium at levels of 200 



Fig. 1, The effect of isoriboflavin (10 y per tube) upon the acid produced by Lacto- 
bacillus' casci in the presence of graded amounts of riboflavin. The broken line 
curves are for the casein medium, the solid lines for the peptone medium. The 
two lower curves represent acid production with the basal media. 

and 400 7 per tube (Table II). In the presence of graded suboptimal 
amounts of riboflavin, its riboflavin-like activity increases. Alloxan, which 
can be added to the ribitylamino compound to produce riboflavin syn- 
thetically ( 6 ), cannot replace riboflavin for growth of Lactobacillus casei 
and has no effect upon its utilization of riboflavin. However, when both 
the ribitylamino compound and alloxan are added, activities as high as 
0.35 per cent of that of riboflavin are obtained (based upon the ribityl- 
amino compound added). Table II shows the effect of the addition of 
mixtures of these two compounds either before or after autoclaving. The 
growth obtained with no added riboflavin and the stimulation in the pres- 
ence of riboflavin are decreased by autoclaving the ribitylamino compound 

* The ribitylamino compound was made available by Dr. H. M. Wuest of Hoffmann- 
La Roche, Inc. This compound was also used in the synthesis of the diaminophen- 
azine analogue of riboflavin. 
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and alloxan. In the presence of 10 y of the ribitylamino compound, the 
molecular equivalent of alloxan (5 y of the monohydrate) produces the 
same effect as does a large excess of alloxan (100 y). The effect of these 
compounds is the same in the presence of FAD or of riboflavin. Foster 
(4) has shown that this ribitylamino compound is oxidized by Pseudomonas 
riboflavina 63 per cent as rapidly as is riboflavin. This compound competes 
with ribofla\Tn for the active centers on the riboflavin-oxidizing enzjTne 
of this organism (4). 

Dtaminophenazine Compound' {£ , Ji-Diamino-7 , S-dimethyl-lO-ribityl-o ,1 0~ 
dihydrophenazine) — ^The diaminophenazine compound was synthesized 

Table II 


Slimvlation by Ribilylamino Compound and Alloxan of Vlilization of Riboflavin for 
Groicth of Lactobacillus casei 


Ribitylamiiio 

coiapoond 

AUoiin mono- 
bydrale 

j RiboSavia-Iie activity fooad* 

Ribo2aii*in present 

OXOy 

0.02St 

0.05 y 

0.1 T 

0.15 T 

T 

T 

y 

y 

y 

y 

y 

200 


0.009 

0.036 

0.063 

0.12 


400 j 


0.018 

0.044 

0.09 

0.15 



500 

0.00 

0.025 

0.05 

0.10 

0.15 

25 

25 

0.05 


0.10 

0.15 

0.20 

25t 

25t 

0.12 


0.17 



50 

50 

0.10 ^ 


0.15 

0.20 


10 

5 1 

0.00 j 


0.058 

0.13 i 

0.18 

10 

100 

0.00 


0.056 

0.125 

0.18 


* The casein medium was used and the riboflavin-like activity was determined by 
pH measurements after 24 hours. 

t In this experiment the ribitylamino compound and the alloxan were sterilized 
by filtration and added to the test after autoclaving. 

by the method of Woolley (2), who has shown that this compound com- 
petitively inhi bits the utilization of small amounts of riboflavin for growth 
of Lactobacillus casei. The present experiments (Table III) show that 
riboflavin and FAD are inhibited to the same extent by the diaminophen- 
azine. The inhibition is competitive and is overcome by excess riboflavin 
or FAD. The inhibition by the diaminophenazine differs from that of 
lumiflavin (shown below) in that the effects on riboflavin and FAD are 
the same. 

It is interesting to note that the data in Table III show an inhibition of a 
rather constant amoimt of riboflavin (about 0.019 y) by 0.5 mg. of the 
diaminophenazine in each instance. Similarly, the inhibition of FAD 
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Sample I by lumiflavin (presented in Table IV) is also constant in each 
series, and is what would be expected if 25 and 50 y of lumiflavin counter- 


Table III 

Inhihiiion hy Diaminophenazinc Compound of Uiilizaiion of Riboflavin and Flavin 
Adenine Dimicholide {FAD) for Growth of Lactobacillus casci 


Riboflavin or FAD added* 

Inhibition of growth in presence of 0.5 mg. diaminophenazine per tubef 

Riboflavin 

FAD 

y 

per cent 

per cent 

0.0 

loot 

loot 

0.02 

so 

90 

0.04 

58 

55 

0.06 

28 

20 

0.08 

24 

1 18 

0.12 

17 

17 


* The amounts of riboflavin and FAD are given in terms of riboflavin (microgram 
per tube) for comparison on a molecular basis. 

t Diaminophenazine was sterilized b}*" filtration and added after autoclaving. 
The peptone medium was used and growth measured by pH readings after 24 hours. 

} The final pH of these cultures was the same as the uninoculated medium. Inocu- 
lated blank tubes in the absence of inhibitors show a pH change of 0.2 to 0.3. 


• Table IV 

Stimulatory and Inhibitory Effects of Lumiflavin upon Utilization of Riboflavin and 
Flavin Adenine Dinuclcotidc {FAD) for Growth of Lactobacillus casei 


Riboflavin or FAD 
added* 

Activity in presence of lumiflavinf 

25 y lumiflavin j 

[ 50 y lumiflavin 

Riboflavin 

FAD Sample It 

Riboflavin | 

FAD Sample It 

FAD Sample lit 

1 

y 

per cent 

per cent 

i 

per cent \ 

per cent \ 

per cent 


125 1 

0 

20 1 

0 1 

0 


120 , 

50 


0 

0 

0.1 

120 

70 


50 

0 

0.15 

120 

83 

120 

63 

0 

0.20 


100 

1 

75 

0 


* The amounts of riboflavin and FAD are given in terms of riboflavin (microgram 
per tube) for comparison on a molecular basis. 

t The casein medium was used and growth measured by pH readings after 24 hours. 
t Sample I of FAD was kindly supplied by Dr. Margaret E. Greig of Vanderbilt 
University, Sample II by Dr. Oliver H. Lowry of The Public Health Research Insti- 
tute of the City of Xew York, Inc. 

acted the effect of 0.025 and 0.05 y of FAD, respectively, at each level at 
which inhibition is obtained. 
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Lumi flavin {6 y7 ^9-TrimeihyUsoalloxazine) — Lumifia\’in was prepared 
from ribofla\dn by alkaline photolysis according to the method of Warburg 
and Christian (11). This compound has both an inhibitor}' and a stimu- 
latory^ action upon the use of riboflavin or FAD for growth of Lactobadllm 
casei (Table IV). With both the casein and peptone media (24 or 72 hour 
readings) relatively large ratios of lumifla\in to ribofla\Tn curtail acid 
production, whereas 'with smaller ratios (more ribofla\'m or less lumiflavin), 
lumifia\in has an augmenting effect. W^en FAD is supplied to the organ- 
ism in place of ribofla\’in, lumiflavin inhibits g^o^^’th at much lower ratios 
than are reqmred for ribofia\'in inhibition (Table lY). This is not due to 
the inability of L. casei to use FAD as well as ribofia^dn, since in the absence 
of inhibitors L. casei utilizes equivalent amounts of ribofia™, ribofla\'in 
phosphate, and FAD equally well for growth and acid production. 

The data in Table IV show the effect of lumifia\’in upon the utilization 
of two samples of FAD. These were analyzed for ribofla^dn microbiolog- 
ically and were found to contain not more than 2.5 and 10 per cent of FAD, 
provided all of the ribofla\dn present was boxmd as FAD. It is likely that 
some free ribofla\dn or ribofla\dn phosphate was present, especially in 
Sample I, since this was not inhibited by^ lumiflavin to the same extent as 
was Sample II, It was observed that the inhibition by lumiflavin de- 
creased when solutions of FAD were kept in the refrigerator for a few weeks. 

The greater inhibition by lumifla\dn of the utilization of FAD than of 
riboflavin by Lactobacillus casei is analogous to the increase in inhibition 
by pyTithiamine when diphosphothiamine replaces thiamine as a grondh 
factor for Lactobacillus fermenti (7) and suggests that similar mechanisms 
may e-dst for the phosphorydation of these 'vdtamins. Since ribofia\dn is 
converted to riboflavin phosphate or to FAD for use in cellular enzynnes 
(12), part of the inhibition of riboflavin activity' may be due to blocking 
of the conv'ersion of riboflavin to one of its conjugated forms. Howev'er, 
lumiflavin inhibits the utilization of FAD more than of free riboflavin. 
This suggests that lumifiav'in competes with both riboflavin and FAD at 
the place of attachment of the riboflavin moiety' to the protein portion of 
the enzymes, and that in the presence of lumiflavin, riboflavin has a greater 
affinity for these centers than does FAD. It also indicates that riboflavin 
can be converted to FAD after it is attached to an enzyme protein. 

Hydrolysis of FAD — For assay' of riboflavin by' microbiological or fiuoro- 
metric methods, samples are usually' hy'drolyzed first by' dilute acid or 
digested enzymatically' (13, 14). Similar v'alues are obtained by' both 
methods. Abraham (15) has shown that dilute acid hy’droly'sis splits FAD 
into riboflavin phosphate and adenylic acid. -Experiments with Lacto- 
bacillus casei were performed to detennine the effect of lumifiavin upon the 
utilization of riboflavin phosphate prepared in this manner, and to ascertain 
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the extent of digestion of FAD by a mbctiire of papain and taka-diastase. 
The results in Table V show that acid-hydrolyzed FAD (riboflavin phos- 
phate) is inhibited less by kimiflavin than is the original FAD. Mono- 
phosphothiamine is similarly inhibited less by pyrithiamine than is 
diphosphotliiamine (7). Enzymatic digestion of PAD results in a prepa- 
ration which responds to lumiflavin-like free riboflavin. Since riboflavin, 
riboflavin phosphate, and FAD are utilized equally well by Lactobacillus^ 
caseij and since the fluorescence of riboflavin and riboflavin phosphate is 
the same,^ riboflavin values obtained microbiologically or fluorometiically 
should be the same if complete extraction is obtained by acid or enzyme 

Table V 


Effect of Lumiflavin upon Utilization of Acid-Hydrolyzed and Enzyme-Digested 
Riboflavin and Flavin Adenine Dinucleotide (FAD) by Lactobacillus casci 


Riboflavin or 
FAD added* 

Activity in presence of 25 y of lumiflavinf 

Riboflavin 

Acid- 

hydrolyzed 

riboflavin 

Enzyme- 

digested 

riboflavin 

FAD Sample 

in 

Acid-hydro- 
lyzed FAD 
Sample lit 

Enzyme- 
digested FAD 
Sample Ht 

T 

per cent 

per cent 


per cent 

Per cent 


0.05 ' 

100 

112 


0 

0 


0.1 

120 1 

125 


0 

0 


0.15 

113 

120 


0 

34 


0.20 

125 

110 

■■1 

0 

73 



* The amounts of riboflavin and FAD are given in terms of riboflavin (microgram 
per tube) for comparison on a molecular basis. 

t The casein medium was used and growth measured by pH readings after 24 
hours. 

X See the corresponding foot-note to Table IV, 

digestion. However, FAD provides only about 20 per cent of the fluo- 
rescence of riboflavin or of riboflavin phosphate^ at pH 5, and should be 
split by one of these methods before fluorometric analysis. 

DISCUSSION 

Although isoriboflavin competitively inhibits the utilization of riboflavin 
for the growth of rats (3), it is not oxidized at all by the riboflavin-oxidizing 
enz 3 mie of Pseudomonas rihoflavina (4) and it stimulates growth with 
riboflavin for Lactobacillus casei. Analogues of other vitamins have also 
been shown to differ in their effects upon different animals and bacteria 
(16, 17), The ribitylamino compound has an effect similar to that of iso- 
riboflavin upon the growth of L. caseij but to a much smaller extent. This 

> Personal communication from Dr. Oliver H. Lowry. 
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compound, however, is oxidized by Pseudomonas riboflavina at 63 per cent 
of the rate of riboflavin oxidation (4). Upon the addition of alloxan, 
L, casei increases its utilization of the ribitylamino compound from 0.003 
per cent of that of riboflavin to 0.35 per cent, suggesting some synthesis 
of riboflavin from the ribitylamino compoxmd and alloxan. 

Banerjee, Dittmer, and du Vigneaud (18) have presented a method for 
assay of alloxan by condensation with an excess of the ribitylamino com- 
pound, and measurement of the riboflavin formed by microbiological or 
fluorometric techniques. According to the present findings, bacterial 
g^o^^i;h would be stimulated by the excess ribitylamino compound and by 
the riboflavin formed. The data of Table II suggest that the preliminaiy 
condensation may be omitted and that alloxan may be measured by the 
growth of Lactobacillus casei on a medium containing a known amount of 
the ribitylamino compound. With both methods adequate correction for 
the original riboflavin content of the samples would be necessary. 

Isoriboflavin and the ribitylamino compoimd produce the same stimu- 
latory effects when FAD is supplied to the organism in place of riboflavin. 
The diaminophenazine compound which inhibits the utilization of ribo- 
flavin by Laciohacillus casei (2) curtails the use of FAD to the same extent. 
It appears that these three compoxmds have their main effects upon the 
use of the riboflavin-containing enzymes and have little or no effect upon 
the conversion of riboflavin to FAD. 

With, different ratios of lumifla\dn to riboflavin, there are found inhibi- 
tory and stimulator 3 ’' effects of lumiflavin upon the growth of Lactobacillus 
casei. FAD is inhibited by lower concentrations of lumiflavin than is 
riboflavin. This is analogous to the stronger inhibition by p 3 ^dinesulfonic 
acid of the use of cozymase than of nicotinic acid or amide (19) and to the 
increased inhibition by pyrithiamine of the utilization of diphosphothiamine 
than of thiamine (7). All three of these inhibitors seem to compete with 
the linkage of the respective vitamin or of its coenzyme to the enz 3 Tne 
proteins. 

Kuhn and Rudj^ (20) have postulated that riboflavin phosphate is at- 
tached to the enzyme protein at two places; namely, by the 3-imino group 
in the isoalloxazine ring and through the phosphoric acid group. Di- 
phosphothiamine also appears to be attached to its protein at two points; 
namely at the 6-amino group of the pyrimidine ring and a phosphoric acid 
group (21). On the basis of the greater inhibition of the utilization of 
diphosphothiamine than thiamine by pyrithiamine and by 6-aminopyrimi- 
dines, it has been suggested that thiamine is attached to its apoenzyme 
before being phosphorylated (7). The inhibition of riboflavin and FAD 
by lumiflavin is similar to the thiamine inhibition and suggests that ribo- 
flarin is also attached to its enzyme protein at the 3-imino position before it 
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is converted to riboflavin phosphate or to FAD. If riboflavin were con- 
verted to FAD before being attached to its protein, the utilization of ribo- 
flavin should be inhibited by lumiflavin to an equal or greater extent than 
is found for FAD. Since lumiflavin inhibits the use of FAD more than it 
does of riboflavin, it appears that the 3-iniino group of riboflavin may have 
a greater affinity for the enzyme proteins than does that of FAD. Although 
Kuhn and Hud}'" (20) have sho'wn that riboflavin phosphate is bound to its 
enzyme more firmly than is free riboflavin, this is due to its two bindings 
to the protein. Lumiflavin competes only with the linkage of the 3-imino 
group to the enzyme, and it is the affinity of this group that may differ 
in the three forms of riboflavin. 

In the case of carboxylase, Westenbrink et aL (21) have shown that the 
naturally occurring form contains diphosphothiamine which is tightly 
bound to protein, whereas in the reconstructed enzyme (formed by addition 
of diphosphothiamine to alkaline washed yeast) the linkage is highly dis- 
sociable. The intact enzyme is also more active than the reconstituted 
form (21). Ratner, Nocito, and Green (22) have isolated a flavoprotein 
enzyme, glycine oxidase, in an undissociated form which is about 4.5 times 
as active (on the basis of FAD) as the reconstructed enzyme. These 
authors conclude that the kinetics of combination determine the rate of 
activity (22). These further similarities between riboflavin and thiamine 
enzymes make it appear likely that riboflavin, like thiamine, is attached 
to an enzyme protein before it is converted to riboflavin phosphate or to 
FAD. 


SUMMARY 

The effects of various analogues of riboflavin upon the utilization of sub- 
optimal amounts of ribofla\an and flavin adenine dinucleotide (FAD) by 
Laciohacillxts casei have been studied. 

Isoriboflavin and l-ribitylamino-2-amino-4,5-dimethylbenzene possess 
little riboflavin-like activity b}'' themselves, but are able to stimulate the 
utilization of riboflavin and FAD by Laciohacilhis casei. In the presence 
of alloxan the riboflavin-like activity of the ribitylamino compound is 
markedly increased. 

The diaminophenazine analogue of riboflavin competitively inhibits the 
utilization of riboflavin and FAD to the same extent. 

Lumiflavin can either inhibit or stimulate the use of riboflavin or FAD 
by Lactobacillus cascij depending upon the relative amounts of lumiflavin 
present. The inhibition by lumiflavin is much greater when FAD is 
supplied as a growth factor in place of riboflavin. The data suggest that 
riboflavin may be attached to an apoenzyme before it is converted to 
riboflavin phosphate or to FAD. 
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Lactobacillus casei utilizes riboflavin, ribofla\in phosphate, and FAD 
equally well for gro^\’th and acid production. FAD is hydrolyzed to 
riboflavin phosphate hy weak acid, and to riboflavin by enzymatic digestion. 
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THE FRACTIONATION AND PHOTOMETRIC ESTBIATION OF 
THE ESTROGENS IN HUALAN PREGNANCY URINE 

Bt BENJAMIN F. STBIMEL 
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(Received for publication, September 26, 1945) 

In a pmaous publication (1) we described a liquid chromatogram for 
separating the trihydroxj' estrogen (estriol) from the mono- and dih 3 "droxy 
estrogens (estrone and a -estradiol). We have modified and extended this 
technique to accomplish quantitative separation of temarj" mixtures of 
crj^stalline estrone, a-estradiol, and estriol. Furthermore, we have suc- 
cessfuU}^ incorporated the liquid chromatogram in a procedure for the 
colorimetric estimation of estrone, estradiol, and estriol fractions in human 
pregnancy" urine. Such fractions have been estimated bj" bioassaj" tech- 
niques (2, 3) but, as the work of Taylor et aL (4) has shown, small errors 
inherent in the fractionation procedures may be enormously magnified 
by the bioassay. 

Bachman and Pettit (5) have adequately discussed the nature of the 
difiBculties encountered in the application of colorimetric methods to the 
determination of estrogens in h uman pregnancy" urine, in their partial solu- 
tion to the problem. (Estriol and estrone-estradiol fractions were photo- 
metricallj^ determined by them in pregnancy urine containing a minimiim 
of 1000 7 of estriol and 500 y of estrone-estradiol per liter.) In accord 
with the Bachman and Pettit concept of the problem we have developed 
a purification and fractionation procedure which removes most of the 
chromogenic impurities which might adversely affect reliable photometric 
determinations with the highlj^ specific Kober reagent (6). This was ac- 
complished hy means of the liquid chromatogram. 

This report covers (a) a demonstration of the ability" of the liquid chro- 
matogram quantitatively to fractionate ternary mixtures of crj'stalline 
estrone, a-estradiol, and estriol, and (5) a test of its suitability as an adju- 
vant to the preparation of estrogenic fractions from h uman pregnancy 
urine of sufficient purity for satisfactory colorimetry. 

EXPERIMENTAL 

Reagents — 

Activated alumina, Alorco F-20 ‘‘minus 80 mesh” (Aluminum Ore 
Companj", East St. Louis, Illinois) , was further screened to 100 to 200 mesh 
by rapid brushing in standard screen scales (W. S. Tyler Company', Cleve- 
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land, Ohio) in 100 to 200 gm. batches and stored in tightly stoppered bottles. 
No batch was kept over 30 days after screening.^ 

Roberts reagent (6) prepared and employed essentially as described by 
Venning et oL (8). Cr 3 ^stalline estrone, a-estradiol, and estriol in the 
concentration range of 10 to 80 y were found to obey Beer’s law and the 
following calibration constants w^ere used to calculate the amounts of each 
estrogen in each test in micrograms: K (estrone) 0.00837; K (a-estradiol) 
0.00523; K (estriol) 0.00737. The final Kober color products obtained 
by testing urine residues from the chromatographic filtrates were further ^ 
purified by w^ashing with an equal volume of ethyl acetate. This 
procedure removes impurities without affecting the pink pigment produced 
by the estrogens. Since the ethyl acetate quickly separates above the 
aqueous phase, the operation may be carried out in the same colorimeter 
tube in w^hich the color was developed. Ethyl acetate is somew^hat soluble 
in the final Kober test solution and a number of partition experiments 
have revealed that the final volume of the ethyl acetate-w^ashed Kober 
test solution is increased lo 17.0 zfc 0.2 ml. Hence, all photometric density 
measurements on ethyl acetate-w'ashed Kober tests are multiplied by the 
factor 1.13 in order to utilize the same calibration constants as for un- 
treated tests, for wiiich the final volume is 15.0 ml. 

The Bachman phosphoric acid reagent w'as used essentially as described 
by Bachman (9). 

The Zimmermann reagent (lO) w^as used as described in a previous 
publication (1). 

Normal butyl alcohol (Baker’s c.p.) w^as redistilled under reduced pres- 
sure in an all-glass apparatus. 

Benzene (Baker’s c.p., thiophene-free) w'as stored over sodium wire and 
distilled in a dry all-glass apparatus. 

Methyl alcohol, absolute (Merck reagent), w^as stored over activated 
alumina (Alorco F-20, 80 to 100 mesh) and distilled in a dry all-glass 
apparatus. 

' Standardization studies similar to those reported by Brockmann and Schod- 
der (7) are in progress in this laboratory on a number of adsorbents and will form the 
subject matter of a subsequent paper. We have found that with ordinary precautions 
to exclude moisture, surprising uniformity in activated alumina may be maintained. 
Two 5 pound packages of Alorco F-20, used ov’cr a period of 15 months, have shown 
very slight deterioration. The following visual standardization technique has 
proved valuable in checking the activity of our preparations: 1.0 ml. of a 0.2 per 
cent solution of Sudan I (l-benzcneazo-2-naphthol, The Coleman and Bell Company, 
Norwood, Ohio) in benzene is diluted to 30 ml. with the same solvent and added to a 
200 mm. column (13 X 300 mm. tube). The dye should appear in the filtrate only 
after washing the column with 45 to 55 ml. of 2 per cent methanol -benzene and should 
be completely removed from the column after washing with 80 ml. 
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Ethyl ether, U. S. P., was shaken with a 1 per cent solution of ferrous 
sulfate in water, washed with water, and distilled. The purified solvent 
was stored in the refrigerator. 

A'pjiaraius — 

Chromatographic apparatus. The apparatus previously described (1) 
was modified to utilize a 13 X 300 mm. instead of a 19 X 200 mm. tube. 
A cylindrical glass cup of 100 ml. capacitj^ was attached by means of a 
glass joint to the top of the chromatographic tube. 

Urine extractor. The extraction chamber of an imassembled Koch t3rpe 
of extractor (Sdentific Glass Apparatus Company, catalogue No. 140, 
J-1589) was set up to accommodate a motor-driven glass stirrer. 

The Eveljm photoelectric colorimeter (11) with the accompanying set 
of light filters was used for measuring the color intenrity' of the test solu- 
tions. The concentration of estrogen in micrograms was calculated in 
each test from the formula, C = L/K where L = 2 minus the galvanometer 
reading and where K has been determined by^ standardization with known 
quantities of each estrogen. 

Frocedure 

Preparation of Urine Residue Suitable for Liquid Chromatogram — The 
following example will describe the entire procedure. The 24 hour urine 
specimen was collected in a bottle containing 100 ml. of butyl alcohol as a 
preservative. 'Within 24 hours after completion of the collection, the speci- 
men was acidified (to Congo red paper) with hydrochloric acid. It was 
then extracted four times with 0.125 volume of butyd alcohol by slow stir- 
ring in the extraction chamber (150 to 200 r.P3i.). About 5 minutes were 
allowed for each stirring and a similar interval for separation of the two 
phases. Each butanol fraction was drawn off and clarified by^ slow centri- 
fugation, The combined extracts were distilled under a partial vacuum 
and final traces of solvent removed from the flask by the addition and 
distillation of 30 ml. of water imder siinilar conditions. The residue was 
dissolved in 100 ml. of 0.2 N sodium hy-droxide and the solution diluted to 
a 400 ml, volume with water. The aqueous extract was transferred to a 
500 ml. wide mouthed Erlenmeyer flask and acidified with 10.0 ml. 
of concentrated hy^drochloric add. The flask was then covered with an 
inverted beaker and autoclaved at 15 pounds steam pressure for 3 hours. 

The cooled hy^drolyzed urine extract was extracted four times with 0.25 
volume of ethyl ether. The combined ether extract was washed two times 
with 0.1 volume of 9 per cent sodimn bicarbonate solution and two times 
with 0.05 volume of water. The ether extract, which should be free from 
any ether-insoluble material at this point, was then concentrated to a 
volume of 50 ml. and extracted four times with an equal volume of normal 
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sodium hydroxide solution. The combined sodium hydroxide extract was 
backwashed TOth 0.1 volume of ether, after which it was acidified (to litmus 
paper) vath hydrochloric acid and reextracted three times ^vith 100 ml, 
volumes of ether. The ether extract was washed two times vith 0.1 
volume of 9 per cent sodium bicarbonate solution, two times Avith 20 ml. 
and once wth 10 ml. of 2.5 per cent sodium carbonate solution. The 
combined sodium carbonate extracts were backwashed with 100 ml, of 
ether and the backwashing added to the main ether extract. The 
combined ether extract was then washed vnth 30 ml. of 9 per cent sodium 
bicarbonate solution and finally washed two times Avith 25 ml. of water. 
The ether was evaporated to dryness and the residue taken up in a measured 
volume of ethanol from which suitable aliquots were transferred to test- 
tubes for evaporation. The tubes were stored in vacno over anhydrous 
calcium chloride until used for preparation of the liquid cliromatogram. 

Preparation of Liquid Cliromatogram — K column of activated alumina 
of definite length (200 zfc 2 mm.) Avas prepared by filling the assembled 
apparatus to approximately 20 mm. aboA'^e the 200 mm. mark and vigor- 
ously tapping the side of the tube AAdth a cork grip penholder until the 
alumina settled to constant height. A negative pressure Avas then applied. 
The estrogen residue aars treated as described in a preAdous publication (1) 
AAdth the folloAAdng slight modifications. The column Avas fimt Avet Avith 
20 ml. of pure benzene and the hormone residue (dissolved in 0.4 ml. of 
absolute methanol and diluted Avith 20 ml. of pure benzene) added just 
before the pure benzene had completely entered the column. 50 ml. instead 
of 76 ml. of benzene AA^ere used as a developer. In the distribution experi- 
ments 10.0 ml. volumes of the appropriate eluent AA^ere successively added 
to the column and collected in separate flasks. In routine fractionation 
procedures each eluent (100 ml.) Avas collected in toto. The entire liquid 
chromatogram operation should not require more than 1 to 2 hours time. 
After removal of the soh'^ents by distillation, suitable aliquots of the residue 
AAwe prepared for colorimetr}" as previousl}'' described (1). 

Results 

Table I summarizes the data from a number of distribution studies on 
single estrogens in a liquid chromatogi'am, AAith various proportions of 
methanol-benzene mixture as eluents. The results obtained indicate that 
at least 100 ml. of pure benzene raa}^ be used safely AAithout the appearance 
of a measurable amount of estrogen in the filtrate. Since 2, 5, and 30 per 
cent methanol-benzene mixtures appeared to be satisfactory eluents respec- 
th^ely for estrone, a-estradiol, and estriol, singly, a number of distribution 
studies AAure made on ternar}’ mixtures Avith these three eluents succes- 
siA’’el3\ Fig. 1 shoAA's the distribution of a ternary mixture containing 



B. F. STIMMEL 


103 


Table I 

Distribution of Single Estrogens Eluted jrom Chromatographic Column of Aclivatea 
Alumina* hij Successive 10 Ml. Washings of Various Eluents 


Eipcn- 

nent 

No. 

Estrogta, 200 y 

Flaent 

Per cent of total cstroxea m each washing detemired 
b 7 Kober reagent 

1st 

2sd 

3rd 

4th 

3lh 

fith 

7th 

8th 

9th 

loth 

1 

Estrone 

Benzene 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

tt 

2% M.-B. 

0 

0 

0 

2 

40 

30 

14 

8 

4 

2 

3 

ft 

5% ‘‘ 

0 

0 

80 

8 

3 

2 

0 

0 

0 

0 

' 4 

tt 

10% “ 

0 

80 

u 

5 

0 

0 

0 

0 

0 

0 

1 

a-Estradiol 

Benzene 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

tt 

2% M.-B. 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

3 

tt 

3% “ 

0 

0 

B1 

0 

0 

3 

13 

24 

24 

18 

4 


5% " 

0 

0 i 

5 

36 : 

SO i 

13 

5 

3 

2| 

0 

1 

Estriol 

Benzene 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

tt 

20% M.B. 

0 

0 

m 

5 

8 


11 

15 



3 

tt 

30% " 

0 

4 

20 

20 

15 


7 ! 

5 ! 

3 ! 

3 

4 

tt 

40% » 

5 

41 

17 

11 

6 


2 

0 ; 

0 1 

0 


M.-B. = methanol-benzene. 

* Alorco F-20, 100 to 200 mesh, column length 200 mm. in 13 X 300 mm. tube. 
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Fig. 1. The distribution of a temarj' mixture of estrone, a'CstradioI, and csfriol 
(1.0 mg. each) in a liquid chromatogram. Each filtrate fraction corresponds to 
10 ml. of eluent added- The ordinate gives the percentage recove rj* of each estrogen 
and the abscissa, the number of filtrate fractions. 


1.0 mg. each of estrone, cc -estradiol, and estriol. In these experiments 
involving mixtures of the estrogens, the Zimmermann test, which is specific 
among the three estrogens for estrone, and the Bachman phosphoric add 
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test, which is specific for estriol, were employed. It can be seen that 
100 ml. volumes of each of the three methanol-benzene eluents successively 
applied to a temar)'’ mixture give adequate chromatographic dispersion 
of^the three estrogens to form the basis for quantitative fractionation. 

Table II 


Separation and Recovery of Known Amounts of Crystalline Estrogens from Ternary 
Mixtures by Liquid Chromatogram 


Experi- 
ment No. 

Amount estrogen 
added (a) 


Total estrogen found (6) 

Recovery 
of added 

Color reagent 

2 per cent 
M.-B. 
(estrone) 

5 per cent 

(a-estradiol) 

30 per cent 
M.-B. 
(estriol) 

estrogen 

(fl) 

(6) 




7 

T 

7 

per cent 

1 


Zimmermann 

200 

0 

0 

100 



Kober 


55 


110 



Bachman 



75 

75 

2 

100 0. 

Zimmermann 

105 

0 

0 

105 


200 D. 

Kober 

• 

180 


90 


50 T. 

Bachman 



38 

76 

3 

50 0. 

Zimmermann 

50 

0 

0 

100 


100 D. 

Kober 


100 


100 

1 

200 T. 

Bachman 



160 

SO 

4 

No 0. 

Zimmermann 

0 

0 

0 



No D. 

Kober 

0 

0 



5 ^ 

1000 T. 

Bachman 



750 

75 

200 0. 

Zimmermann 

208 

0 

0 

104 


100 D. 

Kober 


110 


110 


300 T. 

Bachman 



220 







25* 


6 

500 0. 

Zimmermann 

540 

0 

0 



500 D. 

Kober 


1 520 




2000 T. 

Bachman 



mm 







■Bi 






1 

1 

1 

61* 



O. = estrone; D. = a-estradiol; T. = estriol. IM.-B. = methanol-benzene. 
* 50 ml. of additional 30 per. cent methanol-benzene eluent were added. 


Deitrminaiion of Estrogen Content of Known Solntions — Table II presents 
data from a number of experiments performed to test the quantitative 
features of the fractionation process. In these experiments, each eluent 
was collected in ioio and tested for estrogen content by means of the three 
color reagents. A 10 ml. washing of the column uith pure benzene was 
routinely intempersed between the 2 and 5 per cent methanol-benzene 
eluents and collected with the 2 per cent methanol-benzene filtrate. There 
is maximal recovery of estrone and o:-estradiol in the appropriate fractions 
and there is consistent recovery, to the extent of 70 and 80 per cent of the 
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estriol, in the first 100 ml. of the 30 per cent methanol-benzene filtrate. 
A number of experiments similar to Experiments 4 to 6 in Table IT have 
demonstrated that the low recovery of estriol is in no way attributable to 
loss of estriol in the preceding chromatographic fractions, but rather to 
the diffuse nature of the trailing boundary common to many chromato- 
graphic zones. Higher concentrations of methanol in benzene or further 
washing with 30 per cent methanol-benzene causes contamination of the 
eluate with impurities which impair the use of coloj reagents, especially 
when urine residues are involved. 

Recovery of Estrogens Added to Essentially Estrogen-Free Urine Extract — 
Table III summarizes the data from a series of recover^' tests in which 
known amounts of the three estrogens were added, at various points in 
the purification process, to extract of pooled urine from a castrated female. 
The amounts added were of an order anticipated to simulate pregnancy 
urine. Experiments 1 and 2 in Table HI indicate that the reaction of the 
Kober reagent proceeds independently with estrogens and with urinary^ 
impurities present in the filtrate residues. The recovery of estrone and 
ff-estradiol added to the urine extract just previous to application of the 
liquid chromatogram is maximal and recover^' of estriol is in the range of 
75 to 80 per cent, which would be expected from results 'vsith simple benzene 
solutions (Table II). Experiments 3 to 5 in Table III show that known 
amounts Of estrone and a-estradiol added immediately after hydrolysis to 
the butyl alcohol e.xtract of castrated female urine ma 3 " be carried through 
the entire purification and fractionation procedure and recovered in satis- 
factory' jields. The low recoveries (57 to 69 per cent) in this series of 
added amounts of estriol were materially improved in subsequent studies 
vdth pregnane^' urine hy inclusion of an ether backwashing of the aqueous 
sodium carbonate washings.^ 

Recovery of Estrogens Added to Pooled Pregnancy Urine Extracts Imme- 
diately after Hydrolysis — ^Table contains a few of a number of experi- 

ments which were carried out to test the adequacy” of our extraction and 
purification procedures when applied to pooled pregnancy' urine extracts 
subsequent to bj^drolj'sis. These and other similar studies have demon- 
strated that estrone and a-estradioI can be recovered in the appropriate 
filtrate fractions in the range of 80 to 100 per cent and estriol in the range 
of 75 to 83 per cent. 

* Partition studies of estriol betv^'een equal volumes of eth)d ether and 2.5 per 
cent sodium carbonate solution in our laboratory have averaged 60 per cent recovery 
of the estriol in the organic solvent phase. This is significantly lower than the 
Bachman and Pettit (5) recover}* of SO per cent with the 9.0 per cent sodium carbonate 
solution and more nearly in agreement with Mather’s (12) value of 65 per cent with 
0.3 M sodium carbonate. 
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Measurement of Estrogens Excreted by Normal Subjects in Early to Mid- 
Pregnancy — Preliminary observations on the estimation of estrone, estra- 
diol, and estriol fractions in 24 hour urine specimens are presented in 
Table V. The ratio of L-520 mM/L-420 m;it for each Kober color product 


Table III 

Recovery of Crysiallinc Estrogens Added to Extract of Pooled Urine of Human 
Female CasiratCf Subsequent to Hydrolysis 


The results are expressed as micrograms per unit aifquot (SOO ml. of urine). 


Experi- 

ment 

No. 

Point at which estrogen 
is added 

Estrogen 

added 

Filtrate 

fraction 

No. 

tested* 

1 . Urine 

1 equivalent 
used for 
colorime- 
try 

ToUl 
estrogen 
content by 
Kober 
reagent 

I 

1 L-520 

' L-420 

Per cent 

1 recovery 

1 of added 
, eslTogcnl 



y 


ml. 

1 y 


1 

1 


None 



15t 

0.59 






' 400 

19t 

0.65 

j 





400 

30t 

0.62 


2 

Residue just before 

i 50 0. 


400 

70 

2.6 

110 


colorimetry 

1 50 D. 


400 

65 

2.1 

92 



50 T. 


400 

rr 

2.4 

94 

3 

Residue just before 

500 0. 

' 1 


540 

9.2 

105 


adsorption 

250 D. 


200 

268 

5.9 

100 



1000 T. 


40 

840 

8.9 

81 

4 

Aliquot just after 

500 0. 

1 1 

80 

470 

8.2 

91 

1 

hydrolysis 

250 D. 


200 

244 

4.5 

90 



1000 T. 


40 

620 

7.5 

59 

5 

tt ti 

500 0. 

1 

80 

490 

8.5 

95 



200 D. 

2 

200 

190 

3,0 

86 



1000 T. 

3 

100 i 

715 j 

10.5 

69 

6 

It 'it 

500 0. 

1 

80 1 

500 1 

8.0 1 

97 



500 D. 

2 

200 

490 

6.5 

94 



1000 T. 

3 

40 

600 

7.8 

57 


O. ~ estrone; D. == a-estradiol; T. = estriol. 

* Fraction 1=2 per cent methanol -benzene; Fraction 2 = 5 per cent methanol- 
benzene; Fraction 3 = 30 per cent methanol-benzene. 

t Calculated by subtracting the contribution of atypical Kober color products in 
E.xperiment 1 and dividing by the amount of each estrogen added. 

t By direct determination at 520 m^ with the Kober reagent. These atypical 
color products do not give true estrogen content but must be included in calculation 
of estrogen recovery values for Experiments 2 to 6. 


has been included in Table V in order to indicate the spectral purity of the 
test solutions. Venning et al, (8) have found, and Bachman and Pettit (5) 
have confirmed their finding, that the Z/-520 mp/L-420 mp ratio of the 
Kober products obtained ^vith urinary impurities is approximately 0.5. 
Experiments on a large number of urine specimens from castrated and 
preadolcscent females have given similar results by our method. Bachman 
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Table JV 

Recovery of Known Amounts ofyCrysiaUine Eslrone, a-Estradiolf and KstriolA tdcd to 
Aliquots of Pooled Pregnancy Urine Extracts Immediately after Hydrolysis 


The results are expressed as micrograms per unit aliquot. 


Experiaenl N'o. 

— 1 — 

Axnouat of estrogto 
added 

Filtrate fraction 
No.* 

Total estrogen fooed 

by Kober reagentt 



Y 


T 


1 

Xonc 

1 

143 




2 

110 




3 

13S0 


2 

500 D. 

1 

140 




2 

592 

96 


i 

3 

1200 


3 

500 0. 

1 

560 

S3 


ISOO T. i 

2 

136 




3 I 

2SOO 

! 

4 

500 0. 

1 

577 

87 


-100 D. 

2 

4S0 

92 


940 T. 

3 i 

20S0 

75 


0. « estrone; D. = a-estradiol; T. estriol. 

* Fraction 1=2 per cent mcthanol-benrene; Fraction 2 = 5 per cent methanol- 
benzene; Fractions = 30 per cent methanol-benzene. 

t The final Kober color product was washed with an equal volume of ethyl acetate. 


T.vble V 

Estrogen Content of Human Early Pregnancy Urine 


Esperimeat 

No. 

Time after 
Ust 

cataxneaLia 

1°^ Kober color products | 
£-420 nvi j 

Estrogen content 


Estrone 

Estradiol 

Estriol 

Estrone 

Estradiol 

! Estriol 

1 

jrix. 

4 

1.2 

0.9 

1.2 

T per 24 hrx. 

86 

y per 24 hrs. 

lOS 

y pet 24 Its. 

90 

2 

8 

2.7 

1.2 

3.4 

124 

61 

142 

3 

8 

4.1 

2.2 

2.3 , 

209 

127 

215 

4 

10 

5.1 

1.7 

3.6 

256 

134 

266 

5 

IS 

9.2 

1.9 

11. S j 

740 

206 

1480 


20 

6.4 

1.5 

11.0 i 

800 

270 

3390 

' i 

22 

5.9 j 

3.4 j 

10.8 j 

S75 

484 

3710 

8 

23 

7.6 

3.6 

10.8 

965 

520 

4210 

9 

24 

5.5 

3-3 

9.7 1 

1024 j 

520 

4300 

10 

25 

6.7 

3.7 

12.0 

&48 

500 

4400 

n 

26 

7.0 

4.4 

14.0 

1000 i 

570 j 

4400 

12 

28 

6.1 

3.9 

12.0 

1460 

900 1 

7000 


and Pettit (5) have indicated that, 'tNith ratios of jD-520 mfi/Lr42Q mp as 
low as 3.0 for contaminated Kober color products, the error in determining 
the estrogen content directly from the extinction at 520 mp should not 
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exceed 10 per cent. If we accept this ratio as the lower limit for satis- 
factory colorimetry, our data in Table V, together with those of unreported 
experiments, appear to indicate that satisfactory purification of the estrone 
and estriol fractions may be anticipated from pregnancy, urine collected 
after the 10th week folloAving the last catamenia. The estradiol fraction 
consistently gives the lowest L-520 m;i/Z/-420 m/x ratios and usually does 
not rise above 3.0 until after the 24th week folloTOng the last catamenia. 
Satisfactory Kober color products for all three fractions may be expected 
from pregnancy urine collected from the 24th week to term, in which 
period the ratio of estrogens to impurities is most favorable for good 
colorimetiy. 


DISCUSSION 

Venning el aL (8) have shown that normal butyl alcohol satisfactorily 
extracts both conjugated and imconjugated forms of the female sex hor- 
mones from human pregnancy urine, and that the aqueous extract of the 
butyl alcohol provides a convenient extract for carrying out the hydrolysis 
of the conjugated forms. Because of its greater freedom from pigmented 
non-estrogenic material, we have adopted the butyl alcohol extraction and 
hydrolysis technique essentially as performed by them. It is desirable to 
fractionate the hydrolysate into neutral and acidic fractions by distribu- 
tion between ether and aqueous alkali before employment of the liquid 
chromatogram, since neutral (androgenic) l7-ketosteroids and other neu- 
tral ether-soluble substances might conceivably pass into the liquid chro- 
matogram fractions vnth the estrogens and interfere with development of 
color Avith the Kober reagent. Crystalline androsterone, dehydroisoandro- 
sterone, and pregnanediol by actual test appeared in the 2 per cent 
methanol-benzene filtrate,. 

No attempt has been made in this study to check the colorimetrically 
determined hormone titers against bioassay determinations. These colori- 
metric values may well represent summations of space isomers as yet 
imdetected in human pregnancy urine. For example, the estradiol frac- 
tion might conceivably contain both a and p forms, although according 
to the work of Pearlman and Pearlman (13) this seems unlikely. 

In addition to fractionating the mixture the liquid chromatogram accom- 
plishes a measure of purification. Our urines gave a very slight observable 
residue in the initial filtrate (estrogenically inactive when tested uith the 
spayed rat). There usually is a very weak yellow band which acts as a 
pace-maker for the estrone fraction. For the present, this has been allowed 
to pass into the estrone fraction and its presence poses no serious obstacle 
to the use of the Kober reagent. Fortimately, the major portion of non- 
estrogenic contaminants of pregnancy urine residues at the conclusion of 
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the liquid chromatogram is still fixed at the vcrj' top of the chromato- 
graphic column. 

Within the limitations discussed in connection vnih. Table V, the pro- 
cedure which we have described is believed to offer a definite contribution 
to the fractionation and quantitative determination of the estrogens known 
to be present in human pregnancy urine. 

SUMMARY 

A liquid chromatogram has been described which successful!}’' fractionates 
XemuTy mixtures of crystalline estrone, a-estradiol, and estriol. Tlie quan- 
titative features of the technique have been investigated for various temar}' 
mixtures. Estrone and a-cstradiol are recovered quantitatively in the 2 
and 5 per cent methanol -benzene filtrates respectively, and estriol in the 
30 per cent methanol-benzene filtrate to the extent of 75 to 85 per cent. 
The unrecovered estriol is not lost to the other tw’o fractions, but escapes 
elution under the conditions employed. The liquid chromatogram has 
been incorporated in a purification procedure for the estrogens in human 
pregnancy urine. This procedure jields estrone, estradiol, and estriol 
fractions w’hich respond satisfactorily to the highly specific Kober reagent. 
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THE INFLUENCE OF INGESTED CHOLINE UPON CHOLINE- 
CONTAINING AND NON-CHOLINE-CONTAINING 
PHOSPHOLIPIDS OF THE LR^ AS MEASURED 
BY RADIOACTI^^ PHOSPHORUS* 

By C. EXTENMAK. I. L. CHAIKOFF, and H. D. FRIEDLANDER 
{F rom the Division of Physiology ^ U niversity of California Medical School, Berkeley) 

(Received for publication, November 3, RMS) 

In an earlier report it vcas shown that the oral administration of 300 mg. 
of choline chloride per kilo of bodj^ w'eight increases the rate of change in 
the specific acthity of plasma phospholipid phosphorus during the early 
inter\nls after the administration of radioactive inorganic phosphorus (1), 
Since plasma phospholipids are synthesized mainly in the liver (2), it was 
suggested that the primary’' action of choline is on the liver and that the 
increased phospholipid actmty' of plasma resulting from ingested choline 
merely reflects such accelerated activity in the liver. 

Since the liver contains C. C.^ as well as N. C, C. phospholipids, it be- 
came of interest to determine w'hether one or both of these t3^pes of phospho- 
lipids are influenced bj^ ingestion of choline. This has been done in the 
present investigation. Measurements of specific activity recorded here 
necessitated the separation of C. C. from N. C. C. phospholipids of the 
liver. This was made possible by the use of an adsorption procedure 
recently developed in this laboratory (3). 

EXPnimiENTAL 

The dogs used in this study w'ere fed a high fat-low protein diet composed 
of 38 per cent lard, 8 per cent crude casein, 44 per cent sucrose, 2 per cent 
sardOene,® 3 per cent brewers’ yeast, and 5 per cent Cowgill’s salt mixture 
(4). 10 gm. of this mixture per kilo of body 'weight w^ere fed once daily 
to each dog for 12 to 16 da^’^s before the experiments described below were 
undertaken. 

In each experiment two dogs w'ere used; both received radioactive phos- 
phorus but only one received choline. Each dog 'was injected intravenously 
'with 10 cc. of an isotonic solution of NajHPO^ containing approximately 
0.5 millicurie of The choline w’as administered by stomach tube; each 

* Aided by a grant from the I>ederle Laboratories, Inc. 

* The terms choline-containing and non-choline -containing have been abbre- 
viated to C. C. and N. C. C. 

* Each cc. of sardilene contained not jess than 100 A. O. A. C. chick units of vita- 
min D and 600 U. S. P. units of vitamin A. 

Ill 



112 


LIVER PHOSPHOLIPIDS 


dog described below as choline-treated received 300 mg. of choline cliloride 
per kilo in 50 cc. of water exactly 30 minutes before the radiophosphorus 
was injected. At the time of these administrations all dogs were in the 
postabsorptive state, approximately 18 hours having elapsed since the 
ingestion of their last meal. Food was vdthheld after the administration 
of the radiophosphorus. 

Samples of blood and liver were removed from each dog at intervals of 
6, 12, 18, and 24 hours after the administration of radiophosphorus. At the 
6 hour interval the dogs were anesthetized lightly by an intravenous injec- 
tion of pentobarbital. Blood was then quickly remoA''ed from the femoral 
artery. Heparin was used as anticoagulant. The abdominal cavity was 
then opened and the liver exposed. With the aid of a towel a lobe of the 
liver was grasped in both hands and a piece of the periphery of this lobe 
(approximately 3 to 4 gm.) removed. Bleeding was retarded by means of 
pressure and completely stopped by momentary applications of a hot iron 
to the cut surface. The abdominal cavity was then closed by sutures and 
the dog kept waim until the next sample was taken. All liver samples 
were taken as described above, each being removed from a separate lobe. 

Phospholipid and phospholipid P^^ q{ plasma were measured by pro- 
cedures previously described (1). 

Liver samples were rapidly weighed, transferred to flasks containing 
95 per cent ethyl alcohol, and immediately extracted. The preparation 
of petroleum ether extracts of liver lipids has been described elsewhere (3). 
Choline, phospholipid P^^, and phospholipid P^^ determined on aliquots 
of tliis petroleum ether extract (5, 6). On another aliquot, the C. C. and 
the N. C. C. phospholipid were separated after the manner of Taurog et ah 
(3), and the methanol eluate obtained analyzed for choline, phospholipid 
P^^, and phospholipid P^^^ separation is based on the finding that all 

phospholipids in a petroleum ether solution are adsorbed on magnesium 
oxide and that subsequent treatment with methanol elutes only the C. C. 
phospholipids. 

The molal ratios of choline to phospholipid P^^ for both petroleum ether 
extracts and methanol eluates are recorded in Table I. The ratios for 
the petroleum ether extract fluctuated between 0.50 and 0.66; the values 
obtained were in fairly good agreement among the six dogs studied. This 
means that approximately 60 per cent of the phospholipids of the petroleum 
ether ex^tract are chohne-containing. The molal ratios for the methanol 
eluate are very close to unity. With the exception of a single value, the 
ratios ranged from 0.94 to 1.04; the average was 0.99. Since the choline 
to phosphorus ratio in a pure choline-containing phospholipid is unity, 
the observed ratios for the methanol eluate provide evidence that a satis- 
factoi^'' separation of the C. C. from the N. C. C. phospholipids of the 
liver had been effected by the procedure used here. 
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The choline, P”, and P*- contents^ of both the petroleum ether extinct s 
and the methanol eluates were expressed as amounts per gm, of liver. 

The amounts of C, C. phospholipid phosphorus per gm. of liver recorded 
in Table I were calculated as the product, 


Mg. P of petroleum ether extract X molal ratio, 


choline 

phosphorus 


of 


same extract 


Table I 


Choline-Coniaining and Non-ChoUnc-Conlaining Phospholipids of Liver of Dog 


Esperi- 


Hn. after 
P» injection 

Oioline to molal ratio 

Choline- 

containins 

phospho- 

lipid 

Non-choline- 

containms 

phexpho- 

lipidP« 

ment 

No. 

o 

o 

Petrolcmn 

ether 

extract 

Methanol 

eluate 





■1 

lizer 

P^ rw. 

liicr 

1 

Choline-treated, 

6 

0.62 

msm 

0.66 

0.40 


5.S6A 

12 

0.56 

■IB 

0.61 

0.48 



18 

0.5S 

1.03 

0.58 

0.42 



24 

0.5S 

l.(M 

0.61 

0.44 


Control, S-86B 

6 

0.55 

0.97 

0.61 

0.51 



12 

0.54 

0.99 

0.59 

0.49 



18 

0.50 

0.99 

0.60 

0.60 



24 

0.52 

1.00 

0.60 

0.56 

2 

Choline-treated, 

6 

0.65 

0.95 

0.80 

0.42 

1 

5-98D 

12 

0.63 

0.95 

0-78 

0.46 



18 

0.62 

0.94 

0.86 

0.53 



24 

0.66 

0.95 

0.88 

0.45 


Control, 5-98C 

6 

0.57 

0.94 

^ 0.60 

0.45 



12 

0.57 

0.95 

0.57 

0.43 



18 

0.62 

0.99 

j 0.61 

0.38 



24 

0.60 

0.98 

0.80 

0.53 

3 

Choline-treated, 

6 

0.56 

0.87 

0.70 

0.55 


28R 

12 

0.58 

0.95 

0.76 

0.55 



18 

0.57* 

0.99* 

0.77* 

0.59* 



18 

0.57* 

0.96* 

0.79* 

0.59* 


Control, 28S 

6 

0.57 

0.95 

0.54 

0.48 



12 

0.62 

0.95 

0.67 

0.51 



18 

0.52* 

0.97* 

0,67* 

0.63* 



18 

0.52* 

0.94* 

0.54* 

0.59* 


• Taken from different lobes of the same liver. 


The amounts of N. C. C. phospholipid phosphorus recorded in Table I 
represent the difference between the total phospholipid phosphorus per 
gm. of liver and the C. C. phospholipid phosphorus per gm. of liver. 

Since all phospholipids of the methanol eluate are choline-containing, 
the specific activity of the C. C. phospholipid phosphorus was derived 
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from the ratio of Qf methanol eluate, the being expressed 

as a percentage of the injected ^nd the P^^ in mg. 

Since the elution of C. C. phospholipids by methanol is not complete,* 
a correction was applied to the value obtained for the P*^ content of the 
methanol eluate before making the calculation for specific activity of the 
N. C. C. phospholipid phosphorus. Thus the value for total C. C. phospho- 
lipid P*2 is obtained by multiplying the P*^ content of the methanol eluate 
by the ratio, choline content of the petroleum ether extract to choline 
content of the methanol eluate. Then the N. C. C. phospholipid is 
the difference between the P*^ content of the petroleum ether extract and 
the P*^ content of the methanol eluate corrected as described above. The 
specific activity of the N. C. C. phospholipid phosphorus is equal to the 


Table II 

Uniformity of Phospholipid Content in Various Lobes of Liver 


Doe No. 


Left 

main 

lobe 

Right 

middle 

lobe 

Left 

middle 

lobe 

Right 

main 

lobe 

2-2 

Phospholipid mg. per gm, liver 

1.12 

1 1.05 

1.10 

1.25 


Counts phospholipid per gm. 

Mg. phospholipid P^' per gm. 
Phospholipid P’*, mg. per gm. liver 

0.014 

0.015 

0.015 

1 

0.014 

2-9 

1.44 

1.50 

1.37 

1.45 


Counts phospholipid per gm. 

Mg. phospholipid per gm. 

0.025 

0.024 

0.024 

0.026 


ratio, N. C. C. phospholipid P*^ per mg. of N. C. C. phospholipid P*^, the 
P*2 being expressed as a percentage of the injected P*^. 

Since the amounts of phospholipid P** and phospholipid P*^ contained 
in small liver samples were used as an index of phospholipid activity of the 
whole liver, it became necessary to determine the uniformity of their con- 
tents among the various liver lobes. Two dogs were injected intraperi,- 
toneally \vith radioactive inorganic phosphate. 6 hours later they were 
anesthetized mth pentobarbital, and small samples (3 to 4 gm.) of each 
of the four main lobes were excised and transferred to flasks containing 95 
per cent ethyl alcohol. Petroleum ether extracts of these liver samples 
were then prepared in the usual manner (3) and these analyzed for phospho- 
lipid P*^ and phospholipid P*2. The results recorded in Table II show that 
phospholipid is fairly evenly distributed throughout the liver. Moreover, 
the values obtained for the ratio of radiophospholipid phosphorus to total 
phospholipid phosphorus are practically the same throughout the various 
lobes. These findings leave no doubt that the phospholipid activity of a 
small sample of liver is a reliable index of the liver^s total activity. 

* The amount eluted was never less than 90 per cent. 
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Results 

The results of three experiments are presented in Table I and Figs. 1 
to 3. In eadi the phospholipid turnover in the liver of a choline- 
treated dog is compared 'svith that in a dog that received no choline. Care 
was taken to keep the dietary treatment of the two dogs identical during 
the 2 to 3 weeks preceding the injection of the radiophosphorus, and during 
the actual course of the experiment their treatment differed only in a single 
respect, i.e. the enteral administration of choline. 



Fig. 1. The efifect of choline on the specific activity-time relations of C. C. and 
N. C. C. phospholipid phosphorus of liver (Experiment 1). 

The specific activities of the C. C. phospholipid phosphorus shown in 
Figs. 1 to 3 represent the ratio of the percentage of injected recovered 
as C. C. phospholipid per gm. of liver to the mg. of foimd as C. C. 
phospholipid per gm. of liver. The specific activities of the N. C. C. 
phospholipid phosphorus were obtained in a similar manner. 

^ ExperiTnent 1 ^In the control dog (No. 5--86B) the ‘'specific activity- 
time” curves were found to be quite similar for the C. C. and the N. C. C. 
phospholipids of the liver (Hg. 1). Thus at 6 hours after the injection of 
P*- the specific acthities of the C. C. and the N. C. C. phospholipid phos- 
^orus were respectively^ 15.5 X 10“* and 15.0 X 10“^, and even at 24 hours 
the values for these two liver fractions were 22.5 X 10^’ and 19.2 X 10“^. 




H6 


LIVER PHOSPHOLIPIDS 



HOURS AFTER P^AOMINtSTRATIOfi 


Fig. 2. The effect of choHne on the specific activity-time relations of C,' C« and 
N. C. C. phospholipid phosphorus of liver (Experiment 2). 



HOURS AFTER ADMINISTRATION 

Fig. 3. The effect of choline on the specific activity-time relations of C. C. and 
N. C. C. phospholipid phosphorus of liver (Experiment 3), 
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The specific acti\ity values of plasma phospholipid phosphorus of this dog 
were lower than those for either liver fraction during the four inter\’’als 
studied. 

The administration of choline produced a profound effect on the specific 
actinties of the C. C. phospholipid phosphorus of the liver of Dog 5-S6A. 
As early as 6 hours, the specific actmty of this fraction rose to 36.1 X 10“’; 
this value was 4 times that of the N. C. C. phospholipid phosphorus. 
Although at 24 hours the specific actudtj* of the C. C. phospholipid phos- 
phorus of the liver had dropped to 23.4 X 10“’, the latter was twice as 
high as the value for the specific activit 3 ' of the N. C. C. phospholipid 
phosphorus. 

Erpcrimcnt 2 — The results of this e.vperiment confirm those of the pre- 
ceding experiment. Thus in the control dog (No. 5-98C) the two values 
found at each time interval for the specific acti\ities of the C. C. and the 
K. C. C. phospholipid phosphorus differed xery little (Fig. 2). But in the 
choline-treated dog (No. 5-9SD) the cun^es depicting the specific actiWtj'- 
time relations of these two tj^pes of phospholipids were not the same; at the 
6 hour inter%'al the specific activity for the C. C. and the N. C. C. phos- 
pholipid phosphorus w'as respectively 26.0 X 10“’ and 6.2 X 10“’, and 
at the other three interv-als the values for the C. C. were tuice those for 
the N. C. C, phospholipids. The values for the specific acti\’ities of plasma 
phospholipids were higher in the choline-treated than in the control dog. 

Experiment 3 — ^Here again the specific activities ot the C. C. and the 
N. C. C. phospholipid phosphorus of the liver at each time interv'al were 
practicaUj- the same in the control dog (No. 28S) (Fig. 3). In the choline- 
treated dog (No. 28R) the values for the specific activities of the C. C. 
phospholipid phosphorus were extraordinarily high as compared with those 
of the N. C. C. phospholipid phosphorus. 

DISCUSSION 

Since ingested choline increased the rate of change in the specific activity 
of plasma phospholipid phosphorus (1), nearly aU of which is the C. C. 
type (7), and moreover since the site of formation of plasma phospholipids 
is the liver (2), it seemed a reasonable inference that the action of choline 
upon the liver would be concerned with C. C. phospholipids. This view 
is fulij' borne out by the observations presented here. A comparison of 
the specific activitj'-time relations of the C. C. phospholipid phosphorus 
of the liver in the choline-treated and in the control dogs of each experiment 
suggests that the turnover of this particular fraction of liv’^er phospholipid 
is increased when choline is ingested. 

It is interesting that ingested choline did not increase the specific activitj^ 
of the N. C. C. phospholipid phosphorus of the liv^r. On the contrary, 
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the administered choline depressed its specific activity. In all three experi- 
ments, the specific activities for N. C. C. phospholipid phosphorus \Yere 
lower in the choline-treated than in the control dog. 

Criteria that serve to determine whether an organ can be a source of 
plasma phospholipids have been considered elsewhere (2, 8). It was 
pointed out that during the early intervals after the single administration 
of a labeling agent the specific activity of the immediate precursor of a 
compound must be greater than that of the compound itself. In all six 
dogs the specific activities of the C. C. phospholipid phosphorus of the 
liver were higher than those of plasma phospholipid phosphorus throughout 
the entire period of observation. This finding reinforces earlier evidence 
showing that practically all phospholipids of plasma are formed in the 
liver (2). 


SUACtfAKY 

1. Dogs were injected with radioactive phosphorus, and the specific 
activities of the choline-containing and non-choline-containing phospho- 
lipids of their livers were measured. 

2. The ‘^specific activity-time’’ curves of the choline-containing and the 
non-choline-containing phospholipid phosphorus of the liver are quite 
similar in untreated dogs. 

3. A single ingestion of 300 mg. of choline per kilo of body weight greatly 
increases the specific activities of choline-containing phospholipid phos- 
phorus of the liver. 

4. Ingested choline decreases the specific activities of the non-choline- 
containing phospholipid phosphorus of the liv6r. 
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THE DISTjaiBUTION PATTERN OF FATTY ACIDS IN 
GLYCERIDES OF MILK FAT 

Br E, L, JACK, J. L. HEKDERSON,* akd E. B. HINSHAW 
(From (he Vtaszon of Dairy Industry ^ University of California^ Davis) 

(Received for publication, September 5, 1945) 

To understand the chemical nature of natural fats, one must know the 
fatty acid composition, the distribution pattern of the fatty acids among 
the glycerides, and the molecular configuration of the individual glycerides. 
Rather complete knowledge of the fatty acid composition of most natural 
fats is now available, or can be obtained readily by methods now in use. 
For determining specific molecular configuration, methods involving x-ray 
diffraction and similar techniques are being developed. 

A lo^cal, but not proved, distribution pattern of the fatty adds among 
the glycerides can be obtained from the fatty add composition, provided 
the percentage of saturated gl3'cerides has also been determined. Oc- 
casionally^ hydrogenation, to establish the location of the unsaturated 
constituents, is useful. 

Hilditch (1), using the above technique, has proposed a general dis- 
tribution pattern for the fatty adds in natural fats. He believes that fatty 
acids follow a “rule of even distribution.*’ This term, “even distribution,** 
is indefinite and subj ect to interpretation. Hilditch states, “Any individual 
triglyceride molecule tends toward maximum heterogeneity in its composi- 
tion. This [the distribution of fatty acids according to their relative 
proportions as evenly as possible among all the glyceride moleciiles] is, 
in fact, the main principle which seems to be operative in the structure of 
natxiral fats.** The authors interpret these statements to mean that the 
component fatty acids are distributed as widely as possible among the 
various gljxerides. Hilditch further points out that in certain animal 
fats, notably milk fats, the fatty adds are even more widely distributed 
among the glycerides than in most vegetable fats; this observation extends 
the principle of heterogendty of glyceride structure. 

According to Longenecker and his associates (2-4), the fatty acids are 
randomly distributed, and the occurrence of each type of glyceride can 
be calculated from suitable probability equations. Random distribution 
requires that all possible combinations of glycerides be present according 
to the relative proportions of the component fattj" acids. Cow’s milk 
fat with a relativelj^ high content of oleic and palmitic adds should, then, 
contain significant quantities of triolein and tripalmitin. 

• Present address. Research Laboratory, Golden State Company, Ltd., 425 Bat- 
tery Street, San Francisco, California. 
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Table I 


Distillation and Analyses of Milk Fat and Fractions 


Fraction 

St earn* volatile acids 

"Solid" methyl esters 

"Liquid" methyl esters 

Weight 

Saponifi- 

cation 

equivalent 

Weight 

Saponifi- 

cation 

equivalent 

I No. 
(Hanus) 

Weight 

Saponifi- 

cation 

equivalent 

IKo. 

(Hanus) 


gm. 


gm. 



gm. 



-7“ ppt. 

1.17 

89.0 

0.88 

200.7 


This fraction 

consid- 




0.78 

216.7 


ered as containing 




6.18 

238.7 

0.89 

only “solid 

acids 




2.03 

242.2 








1.23 

272.0 








1.93 

272.2 








8.03 

273.0 

1.28 







9.38 

272.7 

1.03 







2.88 

275.5 

0.69 







3.68 

294.0 

28.03 







7.03 

298.0 

18.50 







3.80 

304.0 

15.33 







2.40 

331.5 

17.27 




— 13° ppt. 

0.61 

116.0 

0.62 

207.2 


2.41 


11.43 


1.82 

126.4 

2.01 

243.3 



197.2 

7.00 


0.98 

140.0 

1.78 

254.7 




6.88 


1.68 

140.6 

5.98 

271.0 

0.76 

0.81 

219.5 

8.00 


2.76 

152.2 

20.18 

270.5 

0.94 

6.78 

240.3 

9.53 


0.49 

161.2 

3.38 

270.4 

4.06 

2.48 

247.5 

8.73 


Ether and water 

1.36 

267.6 

21.63 

2.13 

253.0 

17.58 


titrations cal- 

7.98 

294.8 

21.02 

3.16 

266.5 

22.16 


culated as 

4.10 1 

298.0 

9.37 

1.58 

272.9 

28.10 


butyric acid, 

3.50 i 

321.3 

15.65 

1.28 

277.0 

58.80 


2.29 gm. 




7.78 

291.2 

88.72 







4.38 

288.8 

92.55 







2.90 

303.2 

92.00 







B 

316.5 

91.50 

—23° ppt. 

1.05 

87.6 

0.74 

215.5 i 

i 

QQ 

179.0 



2.06 

106.7 

3.00 

234.8 1 

4.48 1 


181.9 

12.75 







2.13 

209.6 

6.67 


0.75 

122.3 

1.71 

249.0 

3.06 


229.0 

7.00 


0.25 

167.4 

4.71 

267.2 

1.68 

9.68 

241.3 

8.04 


Ether and water 

4.08 

269.0 

1.52 

1.08 

255.5 

11.04 


titrations cal- 

9.78 

269.5 

0.63 


258.1 

21.86 


culated as 

7.98 

271.0 

0.63 

3.30 

271.5 

22.15 


butyric acid, 

3.78 

270.9 

2.64 

2.40 

284.3 

68.50 


1.77 gm. 

2.38 

284.0 

25.63 

5.96 

286.0 

91.84 




6.98 

292.8 

22.53 

2.58 


89.50 




2.00 

287.0 

9.44 

3.10 

290.1 

89.45 




1.60 

’ 329.5 

27.25 

3.70 

317.4 

100.22 

—53° ppt. 

2.43 

106.9 

0.68 

192.4 


2.28 

181.4 

8.03 


1.87 

113.8 

0.73 

214.4 


0.98 

196.3 

9. 58 


0.94 

125.0 

2.63 

240.2 

4.30 


206.7 

7.18 








218.6 

7.86 
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Table I — Concluded 


Fnctlon 

Steam-volatile adds 

"Solid" methyl esters 

**Liqtiid*' methyl esters 

Weight 

Saponifi- 

cation 

eqnivaJent 

Weight 

Saponifi- 

cation 

equivalent 

I No. 
(Hanus) 

Weigh 

Sapoaifi- 
t cation 
equivalent 

I No. 
(Hanus) 


rn. 


r«. 



in. 



~53®ppt.— 

Ether and water 

2.28 

250.0 

5.00 

7.0C 

241.1 

8.67 

Continued 

titrations cal- 

1.53 

252.2 

4.44 


242.3 

6.39 


ciliated as 

6.73 

266.0 

2.96 


246.5 

10.41 


butjTic acid, 

4.73 

267.9 

2.68 

1.4S 

256.2 

23.57 


2.48 gm. 

15.03 

270.3 

0.86 

2.91 

265.6 

30.64 




2.08 

281.2 

22.61 

1.4S 

268.8 

40.70 




2.93 

293.9 

41.78 

gitiK 

291.7 

80.47 




5.51 

298.6 

31.85 

1.68 

296.0 

82.50 




3.00 

298.7 

20.15 

6.37 

295.7 

93.90 




4.60 

311.5 

24.44 


298. 1 

93.60 








298.2 

91.90 









100.60 

-53* 

1.12 

102.5 

This fraction considered as 

0.79 

186.1 


filtrate 

1.40 

104.8 

containing only" 

‘liquid” 

0.78 




1.73 

lOS.O 

acids 





9.48 


0.93 

108.5 




0.72 

216.2 

12.00 


2.05 

114.0 




2.63 

240.7 

20.88 


0.60 

116.6 




1.65 

244.5 

18.56 


0.56 

132.6 




1.35 

260.9 

22.86 


1.68 

141.3 




4.68 

268.0 

22.28 


0.60 

167.2 




2.98 


21.43 


Ether and water 






42.28 


titrations cal- 




1.98 


72.65 


ciliated as 




5.91 

296.4 

90.20 


butyric acid, 




5.72 

297.8 

92.60 


4.24 gm. 




7.71 

295.5 

87.85 







3.50 

298.6 

95.70 

ADlk fat 






2.26 


95.60 

1.25 

91.3 

0.61 

207.3 


1.03 


11.23 


0.93 

111.0 

2.58 

234.1 

3.34 

liwggi 

197.5 

13,58 


1.40 

121.4 

1.88 

241.2 

1.33 

O.SO 

195.8 

10.00 


0.39 

127.5 

2.83 

259.3 

2.11 

1.66 

214.4 

6.88 


0.46 

139.4 

9.48 

267.2 

1.16 

0.78 

214.5 

8.00 


0.98 

141.5 

14.55 

270.4 

1.17 

6.28 

240.2 

11.07 


Ether and water 

2.38 

279.0 

14.11 

2.43 

248.5 

14.05 


titrations cal- 

1.95 

291.7 

32.13 

2.06 

251.4 

24.01 


ciliated as 

6.38 

291.7 

30.46 

2.61 

262.8 

33.10 


butyric acid, 

4.00 

295.0 

18.33 

1.62 

259.1 

37.01 


2.73 gm. 

3.90 

309.1 

22.70 

1.53 

272.5 

70.05 







3.63 

293.3 

91.95 








293.3 

95.05 







HTn 

290.7 

94.95 







3.73 

290.9 

94.45 







1.60 

289.4 

95.00 







3.20 

315.0 

97.90 
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GLTCERIDTJS OF MILK FAT 


This paper will present data showing the probable distribution pattern 
in milk fat (results obtained by subjecting milk fat to fractionation from 
the solvent), followed by analyses of the separate fractions to determine 
the component fatty acids and the fully saturated glycerides. 

EXPERIMENTAL 

Milk fat was fractionated from the solvent as previously described (5) 
by freezing out portions at —7°, —IS®, —23°, —53°, and the filtrate 
remaining at —53°. Milk fat ^vas dissolved in Skellysolve A and cooled 

Table II 


Molar Percentage of Fatty Acidsin Milk Fat Fractions 



-7*ppt. 

-13“ ppt. 

1 

-23“ ppt. 

—53“ ppt. 

-53“ 

filtrate 

Milk fat 

Saturated 

c. 

2,5 

1 4,6 

1 8,7 

7,9 

9.3 

9.2 


c. 


2.9 

4,0 

5,8 

6.9 

2.8 


Cs 


6,6 

1.3 

1,7 

2,4 

2.7 


C.0 

1.2 

4.9 

4.0 

5.5 1 

4.5 

3.5 


Cl 2 

4.5 

3.5 

4.2 

4.7 

3.7 

5.2 


Total 

8.2 

22.5 

22.2 

25.6 

26.8 

23.4 


Cl4 

16.6 

11,3 

14,6 

16.5 

7.4 

14.8 


c.. 

42.1 

36.2 

38.1 

24.0 

14.0 

27.2 


C „ 

21.1 

9.3 

5.2 

8.4 

6.8 

8.5 


C20 

3.8 

3.1 

1.0 

1.4 


1.2 


C22 

0.8 


i 





Total 

25.7 

12.4 

6,2 

9.8 

6.8 

9.7 

! 

Total 

92.6 

82.4 

81.1 

75.9 

55.0 

75.1 

Unsaturated 

Cl , 


0.2 

0.1 

0.3 

1.4 

0,3 


C12 


0.2 1 

0.1 1 

0.2 1 

0.4 

0.2 


Cl . 

0.1 

0.9 

1.2 

1.4 ' 

1.8 

1.5 


ClB 

0.4 

3.9 * 

4.5 

2.7 

4.6 

5.2 


Cis 

6.1 

10.6 

10.7 

17.2 

30.0 

15.3 


C2 ® 

0.8 

1.3 ! 

1.9 

1.8 

0.8 

0.7 


Linolcic 


0.5 * 

0.4 

0.5 

6.0 

1.7 

Total 

7.4 

17.6 

18.9 

24.1 

45.0 

24.9 


to —7°, the precipitate was filtered off, and the fiiltrate lowered to —13°, at 
which point another precipitate was removed. This procedure was 
repeated through —23° and —53°. The fatty acid composition of the 
glyceride fractions was determined by ester fractionation, as described 
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previously (6). Table I shows the analytical data for the distillates. 
Table II shows the fatty acid composition as calculated from these data. 

The fractions vrere subjected to mild oxidation, potassium permanganate 
in acetone being used, as described by Hilditch and Lea (7) and Hilditch 
(1) . The oxidized unsaturated portions were removed b3' suitable washing, 
and the fuUj' saturated glycerides determined. The proportions of potas- 
sium permanganate needed for such oxidations, as well as the reaction time, 


Table III 

Percentage of Fulhj Saturated Glycerides PrMcnf in Mill: Fat Fractions 


Fractioa 

Expcnnjental jyer cent folly 
siturated glycerides 

luaiting raininosi 
valae from 
conposJtioB* 

Pe*' cent calctilited 
i on bas.3 of nscdom 
[ dritribtxuoat 

Wei^t j 

Moles 

Moles 

1 Moles 

-7® ppt. 


75.4 

77.S 

79.4 




47.2 

1 55.8 

-23® " 

44 2 


I 43.3 

53.3 

-53® “ 

26 2 

25.8 

[ 27.7 

43.6 

—53® filtrate . 

3 S 

4.6 I 


16.6 

Milk fat 

33 4 

31.3 

25.3 

41.8 


* This value is calculated by assuming that the unsaturation is distributed one 
fatty acid to a glyceride. Thus in the —7° precipitate with 7.4 moles of unsaturated 
acids (Table 11) there could be a maximum of 3 X 7.4 ~ 22J2 moles of unsaturated 
glycerides and, therefore, a mininuim of 77.8 moles of fully saturated glycerides. 

t The calculation of occurrence in random distribution is governed by the follow- 
ing equation (H.E, Longenecker, University of Pittsburgh, personal communication). 
Molar percentage of any specific glj’ceride «=nX ((nX&X c)/100*) X 100, where n 
frequency of the glyceride occurrence m random distribution and a, b, and c ~ molar 
percentage of the fatty acids in positions 1, 2, and 3 of the glycerol respectively. 
For example, —7® precipitate has 92 6 per cent of saturated acids, and n — 1; then 
the molar percentage of fully saturated glycerides in the —7® precipitate « 1 X 
(92 6 X 92 6 X 92 6/100") X 100 « 79.4. 

will vary with the nature of the fat imder oxidation. Considerable ex- 
perimentation was required to obtain satisfactory results, namel\" complete 
removal of the unsaturated portions as indicated by an iodine value of 
less than 1, without letting excessive oxidation destroy the saturated por- 
tions. Table III shows the percentage of fully saturated glycerides, 
together with limiting minimum values calculated from the fatty' add 
composition given in Table II. On the whole, the experimental values 
for the fully saturated glycerides are somewhat low, several being less than 
the calculated limiting value. Probably', however, this situation should 
be expected, since the laboratory manipulations necessary^ to remove the 
monoazelaoglycerides (that is, the acidic products from monooleogly’’cerides) 
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undoubtedly cause slight losses of the fully saturated glycerides also. Since 
the work was done Mith exceptional care, the authors are certain that the 
experimental error was not sufficient to lower the true results by the differ- 
ence between the experimental values and those calculated on the basis of 
random distribution (Table III, last column). This point vnW be discussed 
in greater detail later. 

The fully saturated glycerides were first saponified and then esterified 
with methyl alcohol; and the methyl esters were fractionally distilled 
through an electrically heated, packed column, as described elsewhere 
(6). Table IV shows the mole percentage of fatty acids present in each. 


Table IV 


Faity Acid Composition of Fully Saturated Glycerides in Milk Fat Fractions 
The values are given in moles per cent. 


No. of carbon 
atoms 

ppt. 

— 13* ppt. 

—23* ppt. 

-S3* ppt. 

-53*6Itrate* 

Milk fat 

rngm 

8.9 


22.5 

32.8 

76.0 

26.5 


17.9 


15.9 

21.8 

21.3 

13.4 


45.5 

50.0 

55.8 

36.3 

2.7 

47.9 


27.7 1 

17.5 , 

5.8 

9.1 

i 

12.2 


* The molar percentages of fatty acids in the fully saturated glycerides of the 
—53® filtrate are not considered reliable, because the small percentage of fully 
saturated glycerides (4.6 moles per cent) present necessitated the working up of a 
large mass of material in order to get a sufficient quantity for analysis. Considerable 
difficulty was experienced, furthermore, in washing acidic compounds from this 
sample after oxidation with permanganate. Very persistent emulsions were also 
encountered in washing this material. 


DISCUSSION 

The importance of these findings lies in the interpretation placed on them 
and in the considerations that follow as a consequence. In the authors’ 
opinion, these results show that the distribution pattern of fatty acids 
in glycerides from milk fat tends more nearly to the pattern of widest 
possible distribution than to the pattern of random distribiUion* The values 
in Table III support this view. The experimental data for the fractions 
conform closely to the limiting minimum values, which represent the widest 
possible distribution of the unsaturated acids. This situation is probably 
to be expected, since any possible randomness in the entire fat would be 
obliterated by the selectivity practiced in preparing the fractions. The 
relative solubilities of different glycerides govern the fraction in which they 
appear. As the fractions show, the unsaturation is distributed as widely 
as possible. 
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It does not necessarily follow that the entire fat from which the fractions 
were separated should have the same distribution pattern, since the* frac- 
tions represent selected glycerides. Judging from the '‘association ratios,” 
the milk fat does follow the same vndesi distribution pattern as the fraction. 
The "association ratio” proposed by Hilditch (1) is the ratio between the 
saturated fatty acids and the unsaturated fatty acids in the mixed gljx- 
erides. The precipitated fractions (“7°, —13°, —23°, —53°) all have 
association ratios of almost exactly 2.0; and the filtrate fraction (—53°) 
has a ratio of 1.2. This means that essentially all the mixed glycerides 
in the precipitated fractions are of the disaturated type, while those of 
the filtrate are about equally divided between di- and monosaturated. 
Monosaturated glycerides would have a ratio of 0.5 and equal mixtures, 
therefore, would have a ratio of (0.5 + 2,0)/2 = 1.25. An average ratio 
of all the fractions, weighted on the basis of the molar proportions of each 
fraction in the entire fat, is 1.80. The association ratio of the milk fat 
is determined to be 1.76, calculated as follows: 

There are 31.3 moles per cent of fully saturated glycerides in the milk 
fat; 100 — 31.3 = 68.7 moles of mixed glycerides in the milk fat (Table 
III). There are 24.9 moles per cent of unsaturated fatty acids in the milk 
fat (Table II). 68.7 — 24.9 = 43.8 moles of saturated fatty acids in the 
mixed glycerides. 43.8/24.9 = 1.76 association ratio. 

The agreement between these two ratios, 1.80 and 1.76, strongly sup- 
ports the contention that milk fat has the same distribution pattern of 
saturated and unsaturated fatty acids. If there had been present more 
than the minimum number of monosaturated glycerides that could be 
accounted for on the basis of widest possible distribution from the per- 
centage of unsaturated fatty acids, then the percentage of full^” saturated 
glycerides would have to be higher than was found. 

Granting that the unsaturated fatty acids in milk fat are distributed as 
widely as possible, one may logically assume the same distribution pattern 
for the saturated fatty acids. On the basis of this assumption, the fol- 
lowing general scheme of glyceride types is proposed. 

Simplified General Scheme of Glyceride Types — ^If one di\ides the number 
of moles of fatty acids (grouped for convenience C4-12, C14, Cie, C18-22, and 
unsaturated) present in each fraction (Table II) by the highest common 
factor, the result is the minimum proportions of each. If the total of these 
is divided by 3 (fatty acids per glyceride), the result will be the number of 
simplest types that can be constructed from the component fatty acids. 
Below’ are given these calculations, together with the simplest glyceride 
types based on widest possible distribidion of the fatty acids. No signifi- 
cance is attached to the positions here of the fatty acids within the glyceride 
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molecules; no data are presented that would justify any speculation on 
molecular configuration. 


—7° Precipilale 


Group 

Moles 
per cent 

Ratio 

C 4-12 

8.2 

1 

Cl4 

16.6 

2 

Cifl 

42.1 

5 

C 18-22 

25.7 

3 

Unsaturated 

7.4 

1 


12 (Total) 


CHiO- 

I 

12 -r 3 = 4 general types in which | — stands for the glyceryl radical CHO^' 

CH 2 O- 
C16 

LCi4 


[-C.. 

pCi. 

pc., 

Ci8-22 

Ci8_22 

ClS-22 

C 4-12 ' 

Cl4 

— Unsaturated 


77.8 per cent fully saturated glycerides; 22.2 per cent unsaturated glycerides 


—13° Precipitate 


Group Moles 

per cent 

Ct-u 22.5 

C,4 11.3 

Ci. 36.2 

C 18-22 12,4 

Unsaturated 17.6 


Hatio 

4 

2 

7 

2 

J 

18 (Total) 


18 -7- 3 = 0 general types 


pc.. 


Ci« 

pc.. 

pc.. 

— C 4-12 

C4_12 

C 4-12 

-C.4 

C 18-22 

Ci4 

C 18-22 

— Unsaturated 

— Unsaturated 

— ^Un saturated 


“Ci« 

“^Cie 

-C+-12 


47.2 per cent fully saturated glycerides; 52.8 per cent unsaturated glycerides 


-28° 

Precipitate 


Group 

Moles 
per cent 

Ratio 

C 4-12 

22.2 

3 

Cl4 

14.6 

2 

c.. 

38.1 

6 

C 18-.22 

6.2 

1 

Unsaturated 

18.9 

15 (Total) 


15 -r 3 =* 5 general types 
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pC:. 

pCw 

Oi% 

r 


— c» 

C4-IS 

Cl-is 

— ^Unsaturated 

— 

Unsaturated 

LCix L 


j 


I — ^Unsaturated 


43.3 per cent fully saturated glycerides; 56.7 per cent unsaturated glycerides 


—55® Precipitate 


Group 

Moles 
per cent 

HaUo 

C4-1S 

25.6 

3 

On 

16.5 

2 

C,e 

24.0 

3 

Cis -22 

9.8 

1 

Unsaturated 

24.1 

3 


12 (Total) 

12 ^ 3 = 4 general types 


pCr. 

C*-15 

— ^Unsaturated 


1 — Ci_is 

I — ^Unsaturated 



pCiw- 
— Cii 

— ^Unsaturated 


27.7 per cent fully saturated glycerides; 72.3 per cent unsaturated glycerides 


—55® Filtrate 


Group 

Moles 

percent 

C4-12 

26.8 

Cxi 

7.4 

C 18 

14.0 


6.8 

Unsaturated 

45.0 


HaUo 

4 

1 

2 

1 

15 (Total) 


15 3 = 5 general types 

E Ci, pCu pCi« r-Cis pCt-is 

Ci-ii I — Ci_i 2 I — C*_u — TJnsaturated 1 — Unsaturated 

Unsaturated I — Uucc,*'* rated I — ^Unsaturated I — Unsaturated t Unsaturated 


0 per cent fully saturated; 100 per cent unsaturated 


Glycerides of the types postulated for the different fractions would tend 
to form a fat mixture ha\dng the physical characteristics of the fractions 
actually obtained in practice. To illustrate this it would be possible 
from the fatty acid composition to have a gjyceride of the tj’pe 

E C4_12 

Ch iii the —7° precipitate. It is very doubtful that such a 

Unsaturated 

type would be present in this fraction; more lo^cally, one might exoect it 
to pass to one of the lower freezing fractions. 

One can construct a hypothetical milk fat from these glyceride types, 
using increments of each fraction in proportion to the molar percentage 



128 


GLYCERIDES OF MILK FAT 


that each fraction represents; namely, 10.6 per cent for the —7° precipitate, 
20.5 per cent for the —13° precipitate, 20.9 per cent for the —23° precipi- 
tate, 23.8 per cent for the —53° precipitate, and 24.3 per cent for the —53° 
filtrate. The calculated percentage of fully saturated glycerides in this 
hypothetical milk fat, based on widest possible distribution of the fatty 
acids would be (77.7 X 0.105) + (47.2 X 0.205) + (43.3 X 0.209) + 
(27.7 X 0.238) + (0 X 0.243) == 33.1 per cent, which compares well with 
31.3 per cent, the experimental value determined from milk fat. This is 
further evidence that the fatty acids of milk fat tend toward widest possible 
distribution. Similarly, calculations can be made for the probable occur- 
rence of other types of glycerides in a hypothetically constructed milk fat. 

SUMMARY 

1. Data are presented showing the fatty acid composition, the percentage 
of fully saturated glycerides, and the fatty acid composition of the fully 
saturated glycerides of milk fat fractions separated from the solvent. 

2. The mole percentage of fully saturated glycerides found is as follows: 
—7° precipitate 75.4 per cent, —13° precipitate 40.5 per cent, —23° pre- 
cipitate 40.3 per cent, —53° precipitate 25.8 per cent, —53° filtrate 4.6 
per cent, and original milk fat 31.3 per cent. 

3. It is proposed, from a consideration of these values, that the fatty 
acids in milk fat tend to be distributed among the glycerides as videly as 
possible. 

4. Patterns for the distribution of the fatty acids among the glycerides 
in the different fractions are postulated, based on the proposition that the 
fatty acids are distributed as widely as possible. 

5. The hypothetical patterns are compared with the experimental data. 

Dr. H. A. Young, Division of Chemistry, University of California, Davis, 
California, kindly reviewed the manuscript and made suggestions. 
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STORAGE OF HEXDECAICOIC ACID IX THE WHITE RAT 

Br FRANK E. VISSCHER 
(From the Scripps Metabolic Clinic^ Fa Jolla j California) 

(Received for publication, November 2, 1945) 

The fate of ingested fatty acids depends upon their chain length (number 
of carbon atoms per fatty acid). Lower fatty acids such as but 3 ’Tic and 
caproic acids are not stored as such (1) but are in part oxidized to ketone 
bodies (2). Available evidence indicates that they are not directly' in- 
volved in the synthesis of higher fatty acids (3). Lower ''odd carbon*' 
fatty acids (possessing an odd number of carbon atoms) are in part oxidized 
to yield ketone bodies and carbohj^drate precursors (4). On the other 
hand, the higher "even carbon” acids, exemplified b 3 ^ palmitic acid, are 
largely laid down in the fat depots, there to await interconversion or 
mobilization (5). 

In order to study the fate of an "odd carbon’* fatty acid of intermediate 
chain length, hendecanoic (undecylic) acid in the fonn of a gl 3 ’'ceride "was 
fed to rats and the fatty acids of the depots were partiall 3 ^ separated as 
their lead salts, converted to the methyl esters, and fractionally distilled. 
The results point to the deposition of hendecanoic acid as such. As the 
methods employed were incapable of demonstrating the presence of small 
quantities of "odd carbon” fatty acids among the "even carbon** acids 
normally present, no decisive evidence as to the subsequent conversion 
of the hendecanoic acid could be secured. 

EXPERIMENTAIi 

Young rats avera^g 137 gm. in weight were taken from a stock diet, 
divided into two groups of eighteen rats, and placed for 6 weeks on a diet of 
commercial casein 25 parts, brewers* yeast 10 parts, Osborne and Mendel’s 
salt mixture (6) 5 parts, cane sugar 35 parts, and glyceride 25 parts. The 
glyceride fed control Group A was coconut oil, while the gl 3 xeride fed 
experimental Group B was synthesized from purified hendecanoic acid 
(Eastman Kodak). The purification was carried out in a 45 inch column 
packed with a spiral wdre gauze. It was found necessary to discard some 
3 per cent of higher acids. The purified hendecanoic acid had an iodine 
number of 3 and an equivalent weight of 186. The gl3’'ceride was formed 
by heating glycerol and imdecylic acid to 200° under nitrogen in the ratio 
of 1 mole of glycerol to 2 moles of rmdecylic acid. A partial vacuum of 
200 mm. of Hg was employed. The temperature was held for 5 hours. 
A small amount of unesterified acid was removed by washing the petroleum 
ether solution of the glycerides with dilute potassium carbonate solution. 
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It may be worth recording that rats on a diet containing 25 per cent of 
the free fatty acids of coconut oil or of undecylic acid failed to grow, a 
result due, perhaps, to the lack of palatability of the diet. 

The rats of Group A grew at an average rate of 1.2 gm, per day, while 
those of Group B gained an average of 0.9 gm. per day over the same period. 
After being anesthetized with sodium pentabarbital, the rats of Group B 
were bled and the stomach, intestines, spleen, and kidneys were removed. 
Each carcass was then dissolved in 250 cc. of cold 30 per cent KOH mth 
occasional agitation over several days. The caustic solution was kept 
covered with a layer of petroleum ether. The calcareous material was 
separated from the supernatant solution and discarded. The lipids were 
obtained for analysis by acidification of the pooled basic solutions and 
subsequent extraction with petroleum ether. The mixture of glycerides, 
free fatty acids, and non-saponifiable matter obtained in this manner 
was saponified. The fatty acids weighed 270 gm. They were separated 
into solid and liquid fractions by the Pb soap-alcohol method in which 230 
gm. of lead acetate trihydrate and 20 volumes of EtOH were used for 
recrystallization at 15° and an equal volume for washing. The recrystal- 
lization and washing were repeated, 0.5 per cent acetic acid in alcohol being 
used for the recrystallization. The Pb soaps of the solid acids weighed 117 
gm. They were esterified in 10 volumes of MeOH containing 7 per cent 
sulfuric acid. The MeOH solution was diluted with 2 volumes of water 
and extracted with ether to remove the esters. The ethereal solution was 
extracted with dilute potassium carbonate, which removed 1.5 gm. of free 
acid. This was reesterified and added to the main fraction. The weight 
of the methyl esters of the solid acids was 76 gm. The Pb soaps of the 
liquid acids were freed of EtOH by repeated additions and removal in 
vacuo of methyl alcohol. The methyl esters were prepared as before. The 
separated esters were extracted vnth dilute potassium carbonate solution 
and 8 gm. of unesterified acid were removed. This was reesterified and 
added to the main fraction. The yield of liquid esters was 199 gm. 

The esters were fractionated in a modified Fenske column vdth an in- 
ternal diameter of 18 mm. packed vdth single turn glass helices for 45 inches. 
The column has an efficiency of approximately forty theoretical plates. 
Iodine numbers were determined on each fraction by the method of Wijs. 
In determining the equivalent weight of the acids in a given fraction, 
the free acid was isolated and a weighed amount, from 100 to 300 mg., was 
titrated with standard 0.1 n KOH in 10 cc. of neutral isopropyl alcohol 
solution containing a trace of phenolphthalein. 

Calculaiions and Results 

The weights of the various ester fractions wth corresponding iodine 
number of the methyl ester and neutral equivalent of the fatty acid are 
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shown in Table I. Values are also shown for the estimated chain length 
composition of each fraction, calculated (7) on the assumption that hende- 
canoic add is the only “odd carbon” fatty acid present. No attempt is 
made to assign to individual components the imsaturation indicated by the 
iodine numbers. The data in Table I yield the following figures for the 
percentage composition of the fatty acid mixture from the depots: 0.3 Cio, 


Tabix I 


Analysis of and ^^€lhyl Bster Mixtures from Fatty Acids of Rats 

Fed Undecylic Add 


Fraction "So. 

Wcigbt 

E<mvaJcnt 
ireignt of acid 

I Xo. of atcr 

Estimated composttias 

1 (weight) 


Xm. 



j grt. 

S-1 

4.00 

187.6 

0.8 

\ 3.6 Cii, 

0.4 Cu 

S-2 

1.22 

19S.3 

! 0.6 

0.2 “ 

1.0 “ 

S-3 

1.41 

216.9 

! 0.6 

0.6 Cii, 

0.8 Cit 

SA 

2.06 

235.2 

0.5 

1.6 Ci4, 

0.5 Cl, 


3.S7 

245.0 

0.5 

1.6 “ 

2.3 

S-6 

2S.79 

1 255.0 

0.6 

1.2 

27.6 “ 

S-7 

n.oo 

1 257.7 

9.6 

10.5 Cii, 

0.5 Cl, 

S-S 

4.88 

267.9 

12.1 

2.9 “ 

2.0 " 

S-9 

4.30 

280.6 

23.6 

0.4 “ 

3.9 “ 

s -10 

3.84 

283.4 

21.8 

3.9 Cl. 


S41 

2.83 

286.0 

24.0 

2.7 “ 

0.2 C 20 

L-l 

0.25 


8.4 



L-2 1 

2.17 j 

181.7 

3.5 

0.7 Cifl, 

1.0 Cii 

L-3 

44.50 i 

185.8 

2.8 

42.9 C.J, 

1.6 Co 

L-4 

8.83 

186.3 

9.1 

8.8 “ 



3.75 

201.4 

14.9 

3.7 Cn, 

0.1 Cu 

L-6 

4.60 

234.9 

44.9 1 

3.5 Cn, 

1.1 Cl, 


4.01 

252.8 

71.2 ; 

0.2 ” 

3.8 


11.71 

256.1 

70.0 

11.7 Cl, 


L-9 

5.56 

269.2 

80.5 

2.6 " 

3.0 Cj, 

1^10 

4.35 

279.0 

98.4 

0.5 " 

3.9 '• 

L-11 

13.89 

281 .2 

103.8 

0.5 “ 

13.4 " 

L-12 

19.75 

281.3 

104.0 

0.6 

19.1 “ 

W3 

34.42 

281.8 

101.3 

34.4 Cl, 


L-14 

9.31 

283.0 

98.6 

9.1 “ 

0.2 Ci3 

L45 

6.24 

286.3 

111.6 

5.3 " 

0.9 “ 


23.9 Cu, 2.8 Ci 2 , 3.5 Ci<, 25.4 Ci«, 43.6 Cig, 0.5 C 20 . From the corresponding 
figures for “synthetic” rat fat, similarly calculated from analogous data (7) 
from animals on a fat-low diet, namely 0.1 C 12 , 3.1 Cu, 42.3 Cis, 53.0 Cig, 1.3 
C 20 , it seems clear that extensive deposition of hendecanoic acid must have 
occurred. No evidence was found to indicate conversion of major amounts 
of hendecanoic acid to lugher “odd carbon” fatty adds. However, more 
precise methods of fractionation or analysis are evidently necessary for 
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a decisive answer to the question of synthesis of higher “odd carbon” 
fatty acids from ingested hendecanoic acid. 

The melting point of the free fatty acid from Fraction L-3 was observed 
to be identical with that of pure hendecanoic acid. 

SUMMARY 

Hendecanoic (undecylic) acid may be stored by the rat to the extent of 
24 per cent of the depot fatty acids. 

The author wshes to express his thanks to Dr. E. M. MacKay for his 
generous assistance in the preparation of the manuscript for publication. 

BIBLIOGRAPHY 

1. Longenecker, H. E., J, Biol, Chem,j 130, 167 (1939). 

2. MacKay, E. M., Wick, A. N., and Barnum, C. P., J, Biol. Chcm.^ 136, 183 (1940). 

3. Rittenberg, D., Schoenheimer, R., and Evans, E. A., Jr., J , Biol. Chein., 120, 503 

(1937). 

4. MacKay, E. M., Wick, A. N., and Barnum, C. P., J. Biol. Chctn.y 136, 503 (1940). 

5. Stetten, D., Jr., and Schoenheimer, R., Biol. Chem., 133, 329 (1940). 

6. Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 

7. Visscher, F. E., and Corley, R. C., J. Biol. Chem.j 147, 291 (1943). 


A lilODIFIED ^lETHOD FOR THE QUAXTITATR^ DETER- 
MINATION OF THE THYMOL TURBIDITY 
REACTION OF SERUM 

Br ROBERT E, SHANK* A^^) CHARLES L. HOAGLAND 
{From the Hospital of The Rochefellcr Institute for Medical Research, Xew York) 

(Received for publication, November 9, 1945) 

It was obsen^ed by Maclagan that turbidit 3 " is produced in a barbital 
buffer saturated with thymol when specimens of serum from patients with 
diseases of the liver are added (1, 2), The degree of turbiditj’ apparenth" 
varied with the degree of hepatic parenchjinal damage. An analysis of 
the precipitate demonstrated that it contained globulin, phospholipid, 
cholesterol, and thymol. The mechanism of the reaction is unexplained, 
but there is some endence to indicate that the reaction may be due to an 
abnormal globulin released into the blood stream in the presence of liver 
damage. The determination of th 3 Tnol turbidity had been found useful in 
estimating the degree of hepatic damage in patients with diseases of the 
liver and in pathological states experimentally" produced in animals. 

In the original technique the amount of turbidity was estimated by 
\Tsual comparison with the gelatin standards of Kingsbury" et al. (3), which 
were de\ised for the estimation of urinao’' albumin. This method is 
subject to all of the usual criticisms of \"isual methods for colorimetric and 
nephelometric measurements. In the presence of hemotysis and of in- 
creased concentrations of bilirubin in the serum, accurate measurements 
of turbidity may" be difficult to obtain. jMoreover, the preparation and 
maintenance of adequate gelatin standards are associated nith some diffi- 
culty. In order to obtain objective and more accurate quantitative meas- 
urement of turbidity, and to permit rigid standardization of the technique, 
the method has been modified in this laboratory- so that turbidimetric de- 
terminations may" be made in the spectrophotometer with a suspension of 
barium sulfate as a standard. 

Method 

Reagents — < 

ThymoUharhital buffer. A barbital buffer of pH 7.8, saturated T;\ath 
thymol, is prepared as described by Maclagan (2). 1.03 gm. of sodium 

* Lieutenant Commander, Medical Corps, U. S. N. R. Member of the United 
States Navy Research Unit at the Hospital of The Rockefeller Institute for Medical 
Research. The Bureau of Medicine and Surgery* of the United States Navy* does not 
necessarily undertake to endorse the vie;\-s or opinions which are expressed in this 
paper. 
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barbital, 1.38 gm. of barbital, and 3 gm. of powdered thymol crystals are 
placed in a 1000 cc. Erlenmeyer flask. 500 cc. of distilled water are added 
and the solution heated to the boiling point. The flask is removed from 
the flame and the contents mixed well by shaking. The solution is cooled 
to room temperature. On cooling, the solution becomes turbid. A small 
quantity of powdered thymol crystals is added and the solution again 
mixed by shaking. The flask is stoppered and is permitted to remain at 
room temperature overnight. Thymol crystals form at the bottom of the 
flask. After standing overnight, the solution is mixed once again by shak- 
ing, and is freed of crystalline deposit by filtration. The clear solution is 
used as the reagent and may be kept at room temperature indefinitely. 

Bamim chloride sohdion, 0.0962 n. 

Sulfuric acid, 0.2 n. 

Procedure 

The test is carried out by adding 0.05 cc. of semm to 3.0 cc. of thymol- 
barbital buffer in a 10 X 75 mm. cuvette. The contents of the cuvette 
are mixed well and after 30 minutes turbidity is determined in the Coleman 
Junior spectrophotometer at a wave-length of 650 m^i.* The galvanometer 
is adjusted to 100 per cent transmission with a blank containing 3.0 cc. of 
thymol-barbital buffer. 

The turbidity of a given reaction is expressed in units derived from a 
standard curve prepared by use of barium sulfate suspensions. The tur- 
bidity standard is prepared by diluting 3.0 cc. of 0.0962 n barium chloride 
solution to volume in a 100 cc. volumetric flask by the addition of 0.2 N 
sulfuric acid at 10°. At this temperature the particle size of the precipi- 
tated barium sulfate is such that a comparatively stable suspension results. 
A 10 unit turbidity standard is prepared b}'' adding 1.65 cc. of 0.2 n sulfuric 
acid to 1.35 cc. of the barium sulfate suspension in a 10 X 75 mm. cuvette. 
Similarty, a 20 unit standard is prepared by adding 0.3 cc. of 0.2 n sulfuric 
acid to 2.7 cc. of the barium sulfate suspension. These standards were 
chosen because they gave turbidimetric readings nearty equivalent to 
those obtained by Maclagan using visual comparison ^vith gelatin standards. 
At room temperature there is some tendency for the barium sulfate suspen- 
sion to settle out. For this reason cuvettes should be well shaken just 
before readings are made in the spectrophotometer. If a cuvette con- 
taining 3.0 cc. of distilled water is used as a blank, there is a straight line 
relationship between the optical density of various dilutions of the barium 
sulfate standard at 650 m^ (Fig. 1). 

EXPERIMENTAL 

It was necessary to determine the wave-length at which turbidity meas- 
urements could be made with least interference from those substances 
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in blood 'which absorb in the range of 400 to 700 Tvro substances which 

might be expected to interfere are hemoglobin resulting from hemolysis 
of red blood corpuscles and bilirubin which may occur in high concentration 
in the serum of patients nith hepatic disease. In Fig, 2 the absorption 



Units turbidity 


Fig. 1. Turbidity of barium sulfate suspensions as determined in the spectro- 
photometer. 



Wavelength 


Fig. 2. Absorption spectra of a solution of hemolyzed red blood cells, a dilution 
of serum of high bilirubin content, and a barium sulfate turbidity standard. 

spectrum of a turbidity standard of 15 units is compared with the absorp- 
tion spectra of a 1:250 dilution of hemolyzed red blood cells and of a 1:60 
dilution of serum containing 14.0 mg. per cent of bilirubin. It will be seen 
that turbidity determinations done at 650 mp are relatively free of inter- 
ference from light absorption due to bilirubin and hemoglobin. This 
wave-length is far removed from the absorption maxima of these com- 
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pounds. The concentration of hemoglobin in the solution tested far 
exceeds the amount that might be present in a 1 :60 dilution of semm, even 
in the presence of gross hemolysis. At 650 m/x, light absorption by serum 
containing as much as 14.0 mg. per cent of bilirubin is insignificant when 
diluted as in the test. Therefore, it seemed that this wave-length was the 
one best adapted for turbidimetric determinations under the conditions of 
the thymol turbidity reaction. 

The effectiveness of a procedure of this type is dependent upon rigorous 
standardization. The gelatin standards of IQngsbury et al. (3) contain a 
suspension of formalazin and are standardized against solutions of albumin 
precipitated uith 3 volumes of 3 per cent sulfosalicylic acid. These stand- 
ards are not easily reproducible and may change somewhat on standing. 
Attempts were made to obtain turbidity standards by the precipitation of 
solutions of albumin with 3 volumes of 3 per cent sulfosalicylic acid. Crys- 
tallized egg albumin prepared by precipitation with sodium sulfate (4), 
ciystalline bovine albumin,^ and human albumin- in concentrations varying 
from 0.05 to 0.2 gm. per cent w’ere used. The concentration of albumin was 
determined by estimation of the protein nitrogen by the micro-Kjeldahl 
technique. There w’as a straight line relationship between the optical 
density at 650 mg and varying concentrations of albumin. However, it 
was found that preparations of albumin from different sources, prepared b}'' 
different methods, and probably characterized by varying degrees of 
denaturation failed to duplicate standard curves obtained vith other 
albumin preparations. Tliis is demonstrated in Fig. 3, in which the tur- 
bidimetric determinations of three different albumin preparations pre- 
cipitated with sulfosalicylic acid are compared. For these reasons it 
became apparent that an albumin standard was wholfy inadequate and 
another type of standard was sought. The barium sulfate standard of 
Wadsworth (5) which is used for measuring turbiditj’’ of bacterial suspen- 
sions was found to be a sufficient^’’ stable and reproducible standard. It 
was adapted for use in this procedure, as described above. 

The tlijTOol turbidit 3 '’ reactions of sera from forty-six normal subjects 
were compared with those of sera obtained from 83 patients earl}’’ in the 
course of acute infectious hepatitis. The results are compared in Table 
I. The highest turbidity value in the group of normal subjects was 4.7 
units and the mean for this group was 2.66 units. There was a marked 
increase in tliymol turbidity in the presence of liver damage produced by 
infectious hepatitis. The mean thymol turbidity reaction in the group of 
patients with infectious hepatitis Avas 17.03 units. Only one of the 83 

* Armour and Company. 
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patients had reactions of less than 5.0 units, which in the experience of this 
laboratory represents the high limit of normal. During convalescence from 
the disease there was a gradual decrease from initial high thymol turbidity 
to results that were in the normal range. Similar increased turbidity values 



Fig. 3. Comparison of turbidity of varying concentrations of bovine albtimin> 
human albumin, and egg albumin precipitated with sulfosalicylic acid. 


Table I 

Resnlis of Thymol Turbidity Reaction in Forty-Six Normal Subject^ and in 83 Patients 
urilh Infectious He-palilis 


Sttbject 


1 Units of thymol turbidity 

0 0-2.S 

2«5-S0 

so-iooj 

10 0- 
15 0 

15 0- 
20 0 

20 0- 
25.0 

25B- 

30B 

30 JO- 
35 0 

Mean 

Normal 

No. of sub- 

20 

26 

0 

0 

0 


0 

n 

2.66 


iects 






1 





% of subjects 

43.5 

66.5 

0 

0 

0 

0 

0 



With hep* 

No. of pa- 


1 

16 

19 

17 

18 j 

8 

4 


atitis 

tients 











% of patients ; 

1 ^ ! 

1.2, 

19.3; 

22.9, 

20.5, 

21. rj 

9.6| 

4.8, 



have been obsen^ed with sera from patients vdth other t3rpes of hepatic 
parenchjmal damage, such as that resulting from toxic hepatitis and cirr- 
hosis of the liver. With the modified technique the normal range in tinits 
of turbidity is nearly identical with that observ'ed by Maclagan (2) and the 
degree of increase in turbidity occurring in the presence of liver damage is 
comparable with results obtained with the original technique. 
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SUMMARY 

A modification of the thymol turbidity reaction has been described which 
permits turbidimetric me^urement in the spectrophotometer. The 
method has been simplified, and more exact standardization of the pro- 
cedure has been achieved by the use of a barium sulfate standard. De- 
termination of the thymol turbidity reaction of sera from forty-six normal 
subjects gave values vnth a range of from 0 to 4,7 units, mth a mean of 
2,66 units. In 83 patients Mith infectious hepatitis the thymol turbidity 
was increased in 82 and the mean for the group of patients was 17.03 units. 
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STUDIES ON PHOSPHATASE-CONTAINING ENZYME PRODUCTS 
FOR HYDROLYSIS OF COCARBOXYLASE IN BREWERS' 
TYPE YK4STS AND WTBEAT EMBRYO AT VARIOUS 
HYDROGEN ION CONCENTRATIONS* 

Bt barxett sure 

With the TechnicaIi Assistance or Leslie Easterling 
(From the Department of Agricultural Chemistry ^ University of Arkansas, Fayetteville) 
(Received for publication, October 6, 1945) 

While the author was engaged in a recent study on the availability of 
thiamine in brewers' type yeasts (I), attempts were made to reduce to the 
minimum the errors inherent in the thiochrome method of determining 
vitamin Bi in foods, as developed by Hennessy and Cerecedo (2) and modi- 
fied by Conner and Straub (3) and the research staff of Merck and Company 
(4). It was found that lack of optimum h 5 ^drogen ion concentration before 
incubation with taka-diastase produced enormous errors in the vitamin 
Bi content of dried yeasts. Such results stimulated the extension of our 
study to other foods and food products. 

For the enzymatic hydrolysis of cocarboxylase in foods Hennessy and 
Cerecedo (2) in their original method adjusted their vitamin solutions be- 
fore incubation to pH 6.5 to 7.0 when they used a kidnej’’ extract as a 
source of phosphatase. They incubated their samples at 37° for 3 hours. 
Employing commercial phosphatase preparations, Conner and Straub 
(3) found the optimum pH before incubation to be 4.5 to 4.7. The latter 
investigators used a temperature of 45° for a period of 2 hours. We concur 
with the observations of Conner and Straub with regard to the optimum 
pH for the enzymatic hydrolysis of cocarboxylase in foods, which can be 
obtained by the use of 6 to 7 cc. of 2 x sodium acetate solution. We, 
however, followed the procedure of Brown, Hamm, and Harrison (5) of 
using a temperature of 52° for incubation for 2 hours, as suggested by 
Andrews (6). 

In this study we were impressed with the high incidence of hydrolysis of 
the cocarboxylase in commercial wheat embryo at extremely low hydrogen 
ion concentrations compared with the hydrolysis of combined thiamine 
m two brands of brewers' tj'pe of dried yeasts.^ It was also thought of 

* Research paper Xo. 806, Journal Series, University of Arkansas. Published with 
the approval of the Director of the Arkansas Agricultural Experiment Station. A 
preliminary report of this paper has appeared {Federation Proc., 4, 107 (1945)). This 
study was aided by a grant from the Williams-Waterman Fund of the Research Cor- 
poration. 

' Kindly furnished by Standard Brands Incorporated, Xew York. 
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interest to determine the efficiency of enzymatic hydrolysis of cocar- 
boxylase in the yeasts and wheat embryo as influenced by the source of 
the phosphatase. Accordingly, four commercial products were studied 
that are used extensively in the determination of thiamine in foods and 
food products; namely, taka-diastase,- clarase,^ mylase P,^ and polidase.® 
The results of this investigation are submitted in Tables I to VIII. 

It Avill be noted from Table I that at pH 2.5 to 2.65 neither taka-diastase, 
clarase, nor polidase hydrolyzed any cocarboxylase in brewers^ type Yeast 

1, which had a total thiamine content of 754.5 y per gm. On the other 
hand, great efficiency of hydrolysis of cocarboxylase of wheat embryo was 
effected by all these commercial phosphatase preparations at even more 
acid hydrogen ion concentrations; i.e., taka-diastase, at pH 1.92, 75.2 per 
cent; clarase, at pH 2.26, 81.8 per cent; polidase, at pH 2.11, 87.6 per cent; 
andmylase, at pH 1.99, 77.7 per cent (Table III). In brewers^ type Yeast 

2, at pH about 3 we still have low yields of hydrolysis of combined thia- 
mine: taka-diastase, at pH 3.04, 11.0 per cent; clarase, at pH 3.22, 12.9 per 
cent; polidase, at pH 3.15, and even at 3.97, only 1.4 per cent; and mylase, 
at pH 2.95, 36.2 per cent (Table II). However, at pH 2.97 mylase hydro- 
lyzed 92.5 per cent and at pH 3.08 polidase hydrolyzed 90.1 per cent of the 
cocarboxylase of wheat embryo (Table III). At the low hydrogen ion 
concentrations large proportions of cocarboxylase were also hydrolyzed in 
commercial wheat embryo previously ex^tracted with organic solvents (vio- 
hinY (Table V) but not to the same extent as in unextracted commercial 
wheat germ (Table III). 

When 5 cc. of a 10 per cent solution of the various phosphatase products 
were used, which is equivalent to 0,5 gm. of dry substance, taka-diastase, 
clarase, and mylase proved equally efficient in the case of brewers^ type 
Yeast 1 and polidase slightly inferior. However, on brewers^ type Yeast 
2, polidase was definitely the poorest source of phosphatase, since the maxi- 
miun efficiency of hydrolysis was only 48.5 per cent. It would appear then 
that in the evaluation of the efficiency of commercial sources of phos- 
phatases for the hydrolysis of combined thiamine in foods one must con- 
sider the substrate as well as the source of the enzyme. When, however, 
used in high concentration (Table III) polidase was just as efficient as 
taka-diastase, clarase, and mylase in hydrolyzing the cocarboxylase of 
wheat embryo. Of course, wheat embryo was found to have only 12 7 of 

* Parke, Davis and Company, Detroit, Michigan. 

* Takamine Laboratories, Inc., Clifton, New Jersey. 

* Wallerstein Laboratories, New York 16 , New York. 

^ Schwarz Laboratories, Inc., New York. 

® Kindly furnished by The Viobin Corporation, Monticello, Illinois. 
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cocarboxylase compared ^nth 483 and 317 y of combined thiamine in the 
yeasts and it is possible polidase has sufficient phosphatase for hydrolyzing 
the combined tWamine in the wheat germ but not enough for the yeasts. 

Table I 


Infiuence of pH and Source of Phosphatxise on Thiamine Content of Breieers* 

Type Yeaet 2 


Source of phosphatase* 

pH 

Thiamine 

content 

Per cent of 
maxim am 
yield 

Comhintd 

thiamine 

Per cent of com- 
bined thiamine 
bydrolyxed 



r /cr in. 


y P<r tn. 


Taka-diastase 

2.50 

263.6 

34.9 

0 

0 


2.73 

281.8 

37.3 


2.1 


3.45 

563.6 

74.7 


60.5 


3.92 

568.3 

75.3 

296-7 

63.5 


4.42 

627.3 

83.2 

355.7 

73.7 


4.65 

718.2 

95.2 

446.6 

92.5 


4.70 

754.5 

100.0 

482.9 

100.0 


4.S9 

718.2 

95.2 

446.6 

92.5 

Clarase 

2.56 

272.3 

36.0 

0.7 

0.2 


2.91 

281.8 

37.3 

4-2 

0.9 


3.51 

490.9 

66.5 

219.3 

45.5 


3.89 

638.3 

84.3 

354.7 

75.5 


4.3S 

700.0 

92.8 

428.4 

88.7 

7 

4.5S 1 

681.8 

90.5 


84.9 


4.70 

754.5 

100.0 

482.9 

100.0 

Polidase 

2.65 

263.6 i 

34.9 

0 

0 


3.51 

281.8 1 

37.3 

10.2 

2.1 


4.00 

336.3 1 

43.2 

51-7 

13.4 

■4 

4.42 

5.36.3 

71.1 

254.7 

52.8 

- 

4.63 

663.6 

88.5 


81.1 


4.91 

681.8 

90.4 


85.3 


5-18 

681 .8 

90.4 


85.3 

^ Mylase 

2.71 

281.8 

37.3 

10.2 

2.1 

M 

3.28 

590.9 

78.4 

319.3 

66.1 

/* 

/ 

3.90 

609,1 

80.8 

337.5 

70.0 

Ij 

4.30 

754.5 

100.0 

482.9 

100.0 

A 

4.53 

754.5 

100.0 

482.9 

100.0 


4.73 

736.3 

97.6 

454.7 

06.2 


4.82 

736.3 

97.6 

454.7 

96.2 


5.15 

700.0 

92.8 

428.4 

88.7 


* 5 cc. of a, 10 per cent solution. 


On the other hand, Clausen and Bro^vm (7) found polidase to be the most 
potent commercial phosphatase for bread which is a low cocarboxylase- 
containing product. Their results were not confirmed, however, by 
Browm, Hamm, and Harrison (5). 
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In order to determine further the relative efficiency of the commercial 
phosphatase products, they were studied in different concentrations on 
the yeasts and wheat embryo. From Tables VI and VII it is apparent 
that when 5 cc. of a 10 per cent solution are employed, equivalent to 0.5 
gm, of dry substance, taka-diastase, clarase, and mylase are equally effi- 
cient and that polidase is definitely poorer. At the 1 per cent concentra- 
tion, equivalent to 0.05 gm. of dry substance, polidase is a complete failure, 
there being no difference among the other three phosphatase preparations. 


TabiiE II 


Influence of pH and Source of Phosphatase on Thiamine Content of Brewers*- 

Type Yeast S 


Source of phosphatase* 

pH 

Thiamine 

content 

Per cent of 
maximum 
yield 

Combined 

thiamine 

Per cent of com* 
bined thiamine 
hydrolyzed 

Taka-diastase 

3.04 

7 per gm, 1 

206.2 

42.2 

7 per gm. 

35.3 

11.0 


3.73 

383.1 ! 

78.5 

212.2 

66.9 


4.02 

432.5 

88.7 

261.6 

82.7 


4.38 1 

488.3 1 

100.0 1 

317.4 

100.0 


4.48 ^ 

487.0 

99.8 

316.1 

99.6 

Clarase 

3.22 

211.7 

43.5 

40.8 

12.9 


3.97 

357.7 

73.6 

186.8 

58.9 


4.21 

396.7 

80.1 

225.8 

71.2 


4.53 

435.1 

89.2 

264.2 

83.9 


4.70 

454.5 

93.1 

283.6 

89.4 

Polidase 

3.15 

175.3 

35.8 

4.4 

1.4 


3.97 

175.3 

37.1 

4.4 

1.4 


4.28 

211.7 

43.4 

i 40.8 

12.9 


4.52 

j 227.3 

46.5 

76.4 

24.1 


4.85 

324.8 

66.6 

153.9 

48.5 

Mylase 

2.95 

285.7 

58.5 

114.8 

36.2 


3.79 

415.7 

85.2 

244.8 

i 77.2 


4.10 

415.7 

85.2 

244.8 

1 77.2 


4.45 

454.5 

93.1 

283.6 

89.4 

i 

4.68 

441.5 

91.9 

270.6 

i 85.3 


* 5 cc. of a 10 per cent solution. 


However, at the 0.1 per cent concentration, equivalent to 0.005 gm. of dry 
substance, clarase is poorer than either taka-diastase or mylase, the latter 
two being about equally efficient. With wheat embryo (Table IV) the 
striking difference is apparent only in the greatest dilution, equivalent 
to 0.001 gm. of dry substance. At that dilute concentration, mylase 











B. SURE 


143 


proved the most eEBcient, jdelding 55 per cent of hydrolyzed cocarboxylase 
compared '^nth only 19.7 per cent of combined thiamine hydrolyzed by 
either taka-diastase, clarase, or polidase. 


Table III 


Influence of pH and Source of Phosphalaee on Thiamine Content of 
Commercial Wheal Emhryo 


Source of pbosphiUsc* 

pH 

ThUmme 

content 

Per cent of 
Butnium 
yield 

1 Coinbmed 

1 tbiaraice 

Per cento! cem- 
bined thiiaine 
hydrolyzed 

Taka “diastase 

1.73 

Y t^r trt. 

IS. 7 

82.6 

1 Y per grt. 

7,5 

62,0 


1.92 

20.3 

87.0 

i 9*1 

75.2 


2.21 

20.3 

87.0 

9.1 

75.2 


3.07 

21.8 

93.6 

10.6 

87.6 


4.60 

23.3 

100.0 

12.1 

100-0 


4.8S 

22.1 

94.3 

10-9 

90.1 


5.13 

22.1 

94.3 

10.9 

90.1 

Clarase 

1.97 

20.0 

85.8 

8.8 

72.9 


2.26 

' 21.1 

90,6 

9.9 

SI. 8 


2.51 

1 21.1 

90.6 

9.9 

81-8 


; 3.15 

21.1 

90.6 

9.9 

81,8 


4.87 

23.3 

100.0 

12.1 

100.0 


5.05 

23.3 

100.0 

12.1 

100.0 

Polidase | 

2.03 1 

20.9 

89.7 

9-7 

80.2 


2.11 

21.8 1 

93.6 

10.6 

87,6 


3. OS 

22.1 i 

94.3 

10.9 

90.1 


4.13 

23.3 

100.0 

12.1 

100,0 


4.73 

23.3 1 

100.0 

12.1 

100.0 


4.97 

23.3 

100.0 

12,1 

100.0 

Mylase 

1.99 

20.6 

8S.3 

9.4 

77.7 


2.38 

21.1 

90.6 

9.9 

81.8 


2.97 

22.4 

96.1 

11.2 

92.5 


4.20 

21.9 

94.0 

10.7 

88.2 


4.69 

23.3 

100-0 

12.1 

100.0 


4.93 

23.3 

100.0 

12.1 

100.0 


5.22 

22.7 

97.3 

11.5 

95.0 


* 5 cc. of a 10 per cent solution. 


Another point of interest is our observation that the phosphatase in 
taka-diastase and mylase for the hydrolysis of cocarboxylase in brewers' 
type Yeast 2 is easily destroyed by a few minutes contact at a low pH vithin 
a narrow range of hydrogen ion concentration (Table VIII). The yeast 
extracts containing 295.5 t of combined thiamine were allowed 3 minutes 
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contact at pH levels ranging from 1.7. to 2.32 and were then immediately 
buffered to pH 4.52 to 4.65, at which hydrogen ion concentration optimum 
results were obtained. With taka-diastase, a change from pH 1.7 to 2.04 
was accompanied by a change from 0 to 82.4 per cent hydrolyzed cocar- 
boxylase and at pH 2.26 a 100 per cent yield was obtained. With mylase, 
a change from pH 1.75 to 2.05 resulted in an increase of 42.3 per cent 
hydrolysis of cocarboxylase and at pH 2.32 the phosphatase was completely 
stable during 3 minutes contact. In other words, by 3 minutes contact at 


Table IV 


Influence of Source and Concentration of Phosyliatase on Thiamine Content of 
Commercial Wheat Embryo 


Source of phosphatase 

1 

Concentration of 
phosphatase 

pH 

1 

Thiamine 

content 

1 

Per cent of 
maximum 
yield 

Combined 

thiamine 

Per cent of 
combined 
thiamine 
hydrolyzed 

Taka-diastase 

per cent 

1 10.0 

cc. 

\ 5 

4.53 

1 

y per gm. 

22.4 

100.0 

y per gm. 

11.6 

100.0 


1.0 

5 

4.53 

20.9 

93.3 

10.1 

90.4 


0.1 

! 5 

4.53 

18.7 

83.7 

7.9 

68.4 


0.1 

1 

4.53 

13.1 

58.5 

2.3 

19.7 

Clarase 

10.0 

5 

4.65 

^ 22.4 

100.0 

11.6 

100.0 


1.0 

5 

4.65 

18.2 

81.2 

7.4 

62.9 


0.1 

5 

4.65 

16.3 

72.8 

5.5 

47.3 


0.1 


4.65 

13.1 

58.5 

2.3 

19.7 

Polidase 

10.0 


4.70 

22.4 

100.0 

11.6 

100.0 


1.0 


4.70 

22.4 

100.0 

11.6 

100.0 


0.1 


4.70 

18.2 

81.2 

7.4 

62.9 


0.1 

1 

4.70 

13.1 

58.5 

2.3 

19.7 

ylase 

10.0 

5 

4.69 

22.4 

100.0 

11.6 i 

100.0 


1.0 1 

5 

4.69 

22.4 

100.0 

11.6 1 

100.0 


0.1 1 

5 i 

4.69 

18.2 

81.2 

7.4 1 

62.9 


0.1 

1 

1 

4.69 

17.3 

77.2 

6.5 

56.0 


pH 1.7 to 1.75 the cocarboxylase phosphatase in taka-diastase and mylase 
is entirely destroyed but contact for the same period at pH 2.26 to 2.32 
has not produced any deleterious effect on this enzyme in either of these 
commercial preparations. 

The fact that the cocarboxylase in wheat embryo can be hydrolyzed by 
phosphatases at a much lower hydrogen ion concentration than the com- 
bined thiamine of brewers’ type yeasts would suggest that thiamine exists 
in a differently combined form in wheat germ than in the type of yeasts 
studied. 
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Table V 


Influence of pH and Source of Phoephataee on Thiamine Content of Commercial 
SolveniSzlracled Wheat Embryo {Viobin) 


Source of phosphatase* 

pH 

Thiaraine 

coateat 

PerOTtof 

laaxiraQst 

yield 

Coabiaed 

tMaaiae 

Per cent ofcca- 
biaed tiiiaaiiae 
bydrolyxcd 

t _ _ . 

Taka-diastase 

1.97 

Tr#frr«- 

14.3 

61.3 

1 ypergrt, 

i 0 

0 


2.30 

17.3 

74.2 

2.9 

32.7 


3.48 

i 18.7 

80.3 

! 4.3 

48.9 


4.73 

23.3 

100.0 

8.8 

100.0 


! 4.91 

I 23.3 

100.0 

s 8.8 

100.0 

Clarasc 

2.17 

21,2 

90.6 

6.8 

77.3 


2.57 

22.1 

! 94.3 

1 7.7 

87.5 


2.98 

22.1 

! 94.3 

! 7.7 

87.5 


4.51 

23.3 

' 100.0 

' 8.8 

100.0 


4.97 

23.3 

100.0 

8.8 

100.0 

Polidase 

2.15 

12.7 

' 54.5 


0 


2.43 

14.2 

60.7 

1 0 

0 


3.04 

20.3 

87.0 

5.9 

67.0 


4.27 

21.5 

92.2 

7.1 

80.7 


4.69 

23.3 

100,0 

8.8 

100.0 

Mylase 

1.94 

13.9 ! 

59,2 1 

0 

0 


2.30 

17.3 

74.2 j 


32,9 


3.3S 

19.7 

84.3 j 


60.2 


4.23 

21.5 

92.3 I 


80.7 


4.77 

23.3 

100.0 

8.8 j 

100.0 


• 5 cc. of a 10 per cent solution. 


Table VI 

Influence of Source and Concentration of Phosphatase on Thiamine Content of Breicers* 

Type Yeast 1 


Soorce of phosphatase 

Coaceatra- 
tion of 
phosphatase 
(5 cc.) 

1 

' pH 

! Thiamiae 
coateat 

1 

[ Per cent of I 
; maxiianm j 
yield 

1 

Ccabiacd 
thiasaine j 

Per cent of 
ccnbined 
thiamins 
hydrolyzed 

Taka-diastase 

1 per cent 
\ 10.0 

4.75 

rPertn. 

746.0 

100.0 

y per in. 

477.4 

100.0 

Clarase 

10.0 

4.70 

727.3 

97.5 

458.7 

96.1 

Polidase 

10.0 

4.71 

666.7 

89.4 

39S.1 

81.3 

Mj'lasc 

10.0 

4.75 

746.0 

100.0 

477.4 

100.0 

Taka-diastase 

1.0 ; 

4.57 

691.0 

92.6 

422.4 

SS.8 

Clarase 

1.0 1 

4.58 

691.0 

92.0 

422.4 

! 88.8 

Polidase 

1.0 

4.68 

291.0 

39.0 

22.4 

4.7 

Mylase | 

1.0 1 

4.70 1 

691.0 

92.6 

422.4 

88.8 

Taka-diastase i 

o'l ; 

4.75 i 

624.0 

83.6 

355.4 

74.4 

Clarase . . 

0.1 

4.71 1 

309.1 

40.4 

40.5 

8.4 

Mylase 

0.1 

4.68 

624.0 

83.6 1 

1 

355.4 

74.4 
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Table VII 


Influence of Source and Concentration of Phosphatase on Thiamine Content of Btewm' 

Type Yeast B 


Source of phosphatase 

Concentra- 
tion of 
phosphatase 
(5 cc,) 

pH 

i 

Thiamine 

content 

! 

Per cent of 
maximum 
yield 

Combined 

thiamine 

Per cent of 
combined 
thiamine 
hydrolyred 

Taka-diastase 

per cent 

10.0 

4.65 

y per gm. 

454.5 

100.0 

y pi'll”- 
295.4 

100.0 

Clarase 

10.0 

4.71 

448.0 

98.7 

288.9 

97.8 

Polidase 

10.0 

4.69 

357.1 

78.5 

1 197.9 

66.9 

Mylase 

10.0 

4.62 

454.5 

100.0 

295.4 

100.0 

Taka-diastase 1 

1.0 

4.53 1 

402.6 

88.6 

243.5 

82.4 

Clarase 

1.0 1 

4.60 j 

402.6 

88.6 

243.5 

82.4* 

Polidase i 

1.0 1 

4.59 1 

188.3 

41,4 

29.2 

9.9 

Mylase 

1.0 

4.62 : 

402.6 

88.6 

243.5 

82.4 

Taka-diastase 

0.1 

4.70 i 

388.7 

85.6 

229.6 

77.7 

Clarase 

0.1 

4.72 1 

318.5 

70.2 

159.4 

53.9 

Mylase l 

0.1 

4.67 

402.6 

88.6 

1 

243.5 

82.4 


Table VIII 


Influence of S Minutes Contact of Taha-diasiase and Mylasc in Slightly Acid Solutions, 
on Their Efficiency to Hydrolyze Oocarhoxylase in Brewers' Type Yeast 2 


Source of phosphatase 

Initial pH 

I 

1 pH after 3 min. 1 
1 contact and 

I after buffering 

1 

Thiamine 

content 

1 

Combined 

thiamine 

Per cent of com- 
bined thiamine 
hydrolyzed 



1 

7 per gm. 

7 per gm. 


Taka-diastase 

i 

4.58 

454.5 

295.5 

100.0 


! 1.70 

4.55 

159.0 

0 

0 


1.88 

4.55 ' 

194.8 

35.8 

12.1 


2.04 

4.56 

402.6 

243.6 

82.4 


2.26 

4.57 

454.5 

295.5 

100.0 

Mylase 


4.55 

454.5 

295.5 

100.0 


1.75 

4.52 

246.8 

87.8 

29.8 


1.86 1 

4,53 

272.7 

113.7 

38.4 


1.93 

4.55 

292.2 

133.2 

45.1 


2.05 

4.52 

374.0 

215.0 

72.1 


2.12 

4.55 

374.0 

215.0 

72.1 


2.27 

4.62 

406.5 

247.5 

83.6 


2.32 

4.65 

454.5 

295.5 

i 

100.0 

t 


SUMMARY 

At low hydrogen ion concentrations of 2.5 to 2.7, practically no free 
thiamine is liberated by commercial phosphatase preparations from the 
cocarboxylase of two brewers’ type yeasts. On the other hand, at the 
same range of pH, 75 to 88 per cent of combined thiamine is hydrolyzed 
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by such phosphatases from commercial wheat embryo. These results 
suggest that cocarbox>4asc may esist in different combinations in these 
food products. 

A study was made of the relative efficiency of four commercial phos- 
phatase preparations for the hydrolysis of cocarboxylase in two brewers’ 
type yeasts and in commercial wheat embryo. For the yeasts, polidase 
proved the poorest. In very dilute concentrations, taka-diastase and 
mylase were the most efficient. However, in higher concentrations, 
taka-diastase, clarase, and mylase proved of equal value. For wffieat 
embom, when used in amounts equivalent to 0.5 gm. of diy substance, all 
the four commercial phosphatase preparations were of equal efficiency. 

After 3 minutes contact at pH 1.7 to 1.75, the phosphatases in taka- 
diastase and mylase lost completely their activit 3 " to hj'drolyze the cocar- 
boxjdase in a brewers’ t 3 i)e of yeast. However, on contact during the 
same period at pH 2.26 and 2.32, the phosphatases in taka-diastase and 
mj^ase respectively were found completely stable. 
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EFFECT OF INHIBITION OF GLYCOLYSIS AND COMPOUNDS 
RELATED TO GLYCOLYSIS ON ACETYLCHOLINE 
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(Received for publication, October 23, 1945) 

During prolonged activity of cholinergic S 3 ^enis an acetylcholine- 
like substance is sjoithesized locally (1, 2) since more acetylcholine can be 
released during stimulation than is present in the non-stimulated organ. 
The energy necessary to perform various physicochemical processes is 
usually supplied through oxidative processes and glycolysis. It has al- 
ready been found that the addition of glucose (3-6) and some of the C 4 
dicarboxylic acids (7) in relatively low concentrations increases the synthesis 
of acetylcholine in vitro. The purpose of the following investigation was to 
determine (1) the amount of acetylcholine s 3 Tithesized by minced fresh 
brain after severe inhibition of its glycolysis and respiration, and (2) the 
effect of added amoimts of various intermediary products of glycolysis on 
the sjm thesis of acetylcholine. 


Method 

The effect of the substances on the acetylcholine synthesis was studied 
by the method described previously (8). Mixtures containing varying 
amoimts of the substances used (pH corrected to 7.4), 100 mg. of minced 
fresh frog brain, 3 mg. of physostigmine salicylate, and 3 cc. of Ringer’s 
solution were shaken and incubated aerobically, if not otherwise indicated, 
for 4 hours at 37°. After incubation the amounts of acetylcholine synthe- 
sized were assayed biologically on the sensitized rectus abdominis muscle 
of the frog. It was also ascertained whether the substances modified 
the sensitivity of the rectus abdominis muscle to the acetylcholine content 
of the mixtures during the 2 minutes of irmnersion for the biological assay 
by adding the substances to incubated control mixtures after incubation. 
If the substances modified the sensithdtj^ of the rectus abdominis muscle 
to acetylcholine, the changes were taken into account by the calculation. 

Calculation — ^The amoimt of acetylcholine synthesized was calculated by 
subtracting from the acetylcholine content of the incubated mixtures the 
acetylcholine content of identical non-incubated mixtures. The amount 
of acetylcholine sjmthesized in the control mixtures containing only brain, 

• This study was aided by a grant from the John and Mar^” R. Markle Foundation. 
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physostigmine, and Ringer’s solution was taken as 100 per cent. The 
acetylcholine content of the mixtures containing the various substances 
used was expressed as a per cent of the control. 

Results 

Effect of Inhibition of GUjcolysis and Respiration on Acetylcholine Syn- 
thesis — Quastel, Tennenbaum, and Wheatley (3) found that fresh minced 
brain in vitro synthesized much more acetylcholine aerobically than 
anaerobically. However, in the presence of adenosine triphosphate a 
considerable amount of acetylcholine is synthesized anaerobically (9, 10). 


Table I 

Effect of Inhibitors of Glycolysis on Anaerobic Synthesis of Acetylcholine 


Substance 


Amount of acetylcholine synthesized in per cent of control* 


Amounts of substances added to 100 mg. frog brain 



3 mg. 

0.3 mg. 

0.03 mg. 

0.003 mg. 

Fluoride 

— 

90 

82 

— 

Monoiodoacetate 


20 

43 




* Each value represents the average of eight separate experiments. The standard 
error of the mean for each value was less than ±5 per cent. The amount of acetyl- 
choline synthesized in micrograms per 100 mg. of frog brain, followed by the standard 
error of the mean, was 0.32 =fc 0.015. 


With the preparation and technique described above an average of 0.32 
7 of acetylcholine was synthesized anaerobically (vdthout addition of 
adenosine triphosphate) and 0.95 y aerobically. It would appear, there- 
fore, that most of the energy required for the synthesis of acetylcholine is 
supplied by oxidative processes if oxygen is available and by anaerobic 
glycolysis in the absence of oxygen when adenosine triphosphate is 
available. 

To test the effect of inhibition of respiration and anaerobic glycolysis 
on the amount of acetylcholine sjmthesized, known inhibitors of the 
glycolysis (monoiodoacetat^, fluoride (11, 12)) were added to the mixtures 
before incubation and the mixtures were incubated in nitrogen instead of 
oxygen. 

The amoimts of acetylcholine synthesized are given in Table I. Fluoride 
did not significantly modify the amount of acetylcholine synthesized. 
Since fluoride is known to inhibit the transformation of phosphoglycerate 
to phosphopyruvate and to inhibit various phosphorylations, it is likely 
that the acetylcholine synthesis is not modified by the products of phos- 
phoglycerate and does not depend on fluoride-sensitive phosphorylations. 
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^lonoiodoacetate decreased the amount of acetylcholine synthesized, 
probably because of the inactivation of the — SH group of the enzjTne 
involved in the acetylcholine S 3 nthesis rather than the inhibition of the 
transformation of triose phosphate to 3-phosphogIycerate. 

In the following series of experiments inhibitors of glycolj^sis (mono- 
iodoacetate, glyceraldehyde, fluoride) were added to the mixtures before 
aerobic incubation. 

The amounts of acetylcholine synthesized are given in Table IL The 
results suggest that inhibition of glycolysis does not inhibit acetylcholine 
sjTithesis significantly. Glyceraldehyde in concentrations of 0.0055 m is 
knowm to decrease the glycol>^sis in brain by 90 per cent (11, 12), but, in 
concentrations as high as 0.01 m, glyceraldehyde decreased the acetylcholine 
sjmthesis only by 30 per cent. Fluoride in concentrations of 0.01 m is 


Table II 

Efcct of Inhibitors of Glycolysis on Synthesis of Acetylcholine 


Amount of acetylcholine synthesired in per cent of control* 


Substance 


Amounts of substances added to 100 mg. frog brain 



30 mg. 

3 mg. 

OJ mg. 

0.03 mg. 

0.003 mg. 

0.0003 mg. 

Glyceraldehyde 


70 

94 

102 

100 

99 

Fluoride ! 

42 

77 

96 

105 

105 

101 

Monoiodoacetate 


21 

*47 

78 

102 

KU 


• Each value represents the average of eight separate experiments. The standard 
error of the mean for each value was less than ±5 per cent. The amount of acetyl- 
choline synthesized in micrograms per 100 mg. of frog brain, followed by the standard 
error of the mean, was 0,95 0.033. 


known to inhibit the transformation of phosphoglycerate to phosphopyru- 
vate by 100 per cent (11, 12), but, in concentrations as high as 0.024 m, 
it inhibited the acetylcholine s 3 Tithesis only by 23 per cent and in concen- 
trations of 0.24 M by 58 per cent. Monoiodoacetate in concentrations of 
0.000054 M is known to inhibit the transformation of triose phosphate 
to 3-phospho^ycerate by 97 per cent (11, 12), but, in concentrations as 
high as 0.00054 m, it inhibited the acetylcholine synthesis only by 53 per 
cent and in concentrations of 0.0054 by 80 per cent. The inhibition of 
acetylcholine synthesis by monoiodoacetate was probably due to inactiva- 
tion of the — SH groups of the enzymes involved in the sjmthesis. Rela- 
tively large concentrations of monoiodoacetate were required for complete 
inhibition of the acetylchoUne synthesis, probably because the present ex- 
periments were carried out at pH 7.4, a pH unfavorable for the action 
of monoiodoacetate (13). 

















152 


GLYCOLYSIS AND ACETYLCHOLINE SYNTHESIS 


Effect of Intermediary Prod'octs of Carhohydraie Metabolism on Acetyl- 
choline Synthesis — The amounts of acetylcholine synthesized in the presence 
of some intermediary products of carbohydrate metabolism, some organic 
phosphates, and their decomposition products are given in Table III. 

Table III 

Effect of Varioiis Substances on Acetylcholine Synthesis 

Amount of acetylcholine synthesized in per cent of control* 
Substance Amounts of substances added to 100 mg. frog brain 



30 mg. 

3 mg. 1 

0,3 mg. 

0.03 mg. 1 

0,003 rag. 

0.0003 mg. 

Fructose diphosphate 

Dihydroxyacetone monophos- 


220 1 

184 , 

143 i 

99 

98 

phate 


57 

77 

118 

123 

112 

/3-Glycerophosphate 


103 

105 1 

105 j 

102 1 

104 

Pyruvic acid 

114 

116 j 

110 1 

104 

104 , 

99 

Acetyl phosphate 


62 

88 

100 

104 


Lactic acid 

142 

137 

124 

120 

111 1 

103 

Acetic ** 


102 

101 

104 

102 

102 

Acetoacetic acid 


105 

101 

103 

100 

98 

Acetone 


96 

110 

104 

97 

102 

Acetaldehyde 


20 

49 

75 

88 

92 

Ethyl alcohol 


' 91 

105 

100 

99 

97 

Glycerol 


1 101 

98 

100 

103 

100 

Adenosine triphosphate 


’ 177 

157 

137 

113 

mm 

Creatine phosphate 


147 

134 

118 

112 

19 

Creatine 


121 

116 

108 

104 

■9 

Creatinine 


103 

97 

101 

98 

100 

Inosinic acid (muscle) 




70 

72 

mm 

Ammonia 


34 

67 

90 

101 

Wm 

Pyrophosphate : 

1 80 

98 

112 

117 

111 

■■ 


* Each value represents the average of eight separate experiments. The standard 
error of the mean for each value was less than ±5 per cent. The amount of acetyl- 
choline synthesized in micrograms per 100 mg. of frog brain, followed by the standard 
error of the mean, was 0.95 =t: 0.033. 

Fructose diphosphate, dihydroxyacetone monophosphate (low concen- 
trations), pyruvic acid, and lactic acid increased the amount of acetylcho- 
line synthesized. The increase of s 3 mthesis was least with pyruvic acid. 
The end-products of glycolysis tested (acetic acid, acetoacetate, acetone, 
ethyl alchol) did not modify the s 3 mthesis. 

Adenosine triphosphate, a compound capable of receiving, storing, 
and transmitting to cellular mechanisms (9, 10, 14-16) the energy produced 
by glycolytic and some other processes, increased the amount of acetyl- 
choline synthesized. A smaller increase was found in the presence of 
creatine phosphate, a reservoir for the phosphate group used during the 
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esterification of carbohydrates, and creatine. Creatinine did not modify 
the synthesis. Decomposition products of adenosine triphosphate (am- 
monia, inosinic acid ( 17 )) decreased the s3nthesis. 

PjTophosphate in low concentrations increased the synthesis and de- 
creased it in higher ones. It is known that pjTophosphate in low con- 
centrations ( 18 , 19 ) protects the — SH group from oxidation and in 
higher concentrations inhibits various enz^mie sj’stems ( 20 - 22 ), 

Comment 

Intermediaiy products of gb'coh'sis and organic phosphates ma\' increase 
the sjTithesis of acet3dcholine, suggesting that tliis increase of acet3’lcho- 
line S3Tithesis is due to energy derived from gl3’Coh^sis, Furthermore, the 
amoimt of acet3’lcholine S3mthesized ma}' be regulated b3' the dynamic 
equilibrium of potentiator and inhibitor (ammonia, inosinic acid, etc.) 
substances. 

The results also suggest that if ox^'gen is available most of the energ3" 
required for the S3Tithesis of acet3dcholine is supplied b3^ oxidative processes, 
and, in the absence of ox3^gen, b3" anaerobic gl3'col3’sis. However, it ap- 
pears that some acet3dcholine s3Tithesis can occur even in the absence of 
gl3Tol3’’sis and free ox3'gen suppl3'. 

SV^niARY 

1 . The effect of some products of ghToh’sis, some substances involved 
in the esterification of carboh3"drates, and some inhibitor substances of 
gl3^col3"sis on the S3T1 thesis of a cet3d choline was investigated. 

2. The synthesis was increased in the presence of fructose diphosphate, 
dih3'drox3’acetone monophosphate (low concentrations), p3*ru\*ic acid, 
lactic acid, adenosine triphosphate, creatine phosphate, creatine, and 
P3Tophosphate (low concentrations). 

3 . The S3Tithesis was not modified in the presence of ^-gh’cerophosphate, 
acetic acid, acetoacetic acid, acetone, gl3’cerol, eth3d alcohol, and creatinine. 

4 . The s3Tithesis was decreased in the presence of dih3'droxyacetone 
monophosphate (higher concentrations), acet}’! phosphate (higher concen- 
trations), acetaldeh3^de, ammonia, inosinic acid, p 3 T*ophosphate (higher 
concentrations), gl3"cei’aldeh3'de, fluoride, and monoiodoacetate. 

The authors \rish to express their gratitude to Dr. "W. H. Summerson, 
Dr. E. Shorr, Dr. F. Lipmann, and the Rockefeller Institute for the 
generous suppK’ of the substances used. 
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THE EFFECT OF THE PRECEDING DIET 
UPON FASTING KETONEMIA 

By HERBERT C. TIDWELL and C. R. TREADWELL 
(Prom the Department of Biochemistry, Southwesiern Medical College; Dallas) 

(Received for publication, November 8, 1945) 

Earlier investigations (1) upon the metabolism of animals with fatty 
livers suggested that further information on this subject might be obtained 
by a study of ketosis in these animals. It was observed that conflicting 
evidence had been presented in regard to the influence of the constituents 
of the preceding diet upon the degree of fasting ketosis. Deuel and Hall- 
man (2) found an appreciable increase in fasting ketonuria following the 
ingestion of a high fat, low protein diet for only 1 day in comparison with 
the level in the rats previously on a stock diet. This finding does not seem 
to be wholly in accord with the conclusions of MacKay et aL (3) that the 
degree of fasting ketosis is related to the amount of stored protein available 
for catabolism during fasting and that the protein intake preceding the 
fast is the principal determinant of the stored protein. If the degree of 
fasting ketosis is related to the stores of body protein, it seems imlikely 
that these stores should be changed sufficiently after 1 daj’’ on a low protein 
diet to have such a profound effect upon the fat metabolism during the 
ensuing period. A ketonuria would be associated with an appreciable 
ketonemia, since the renal threshold for the ketone bodies in the rat has 
been 8ho^vn to be 25 to 30 mg. per cent (4). 

Later MacKay and coworkers (5) found the amount of fat in the preced- 
ing diet to have no significant influence upon the following fasting ketosis 
and the factor determining the extent of fasting ketosis to be the amount 
of antiketogenic material from the protein catabolized. Roberts and 
Samuels (6) have presented evidence which suggests that the degree of 
fasting ketosis is influenced by the fat content of the preceding diet. How- 
ever, a very high intake of fat (71 per cent of the diet) was required to 
produce a small elevation of ketone bodies in the blood and urine. 

The present study is the first of a series of studies on ketosis initiated 
in 1943. It was designed to evaluate the influence of some constituents 
of the preceding diet upon the following fasting ketonemia. The experi- 
mental diets preceding the fasting periods varied widely in protein, fat, 
and carbohydrate content. A micromethod was developed for the de- 
termination of ketone bodies in 0.2 cc. of blood. With this method the 
changes in the blood ketones could be followed in individual animals 
throughout the fasting periods. Thus it allowed the accumulation of more 
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extensive data than have been obtained previously. Due to marked individ- 
ual variations, this procedure should give more reliable data on ketonemia 
than those obtained by sacrificing a small number of animals (two or three 
usually) at the end of each time period. Most of the data in the literature 
have been obtained by the latter method. 

The protein intake preceding the fasting period was found to be more 
directly related to the degree of fasting ketonemia than were the intakes 
of the other constituents examined. However, the effect of ingested pro- 
tein seemed to be much greater than could be explained by the protein 
stores made available as antiketogenic material during fasting. 

Table I 

Composition of Diets 


All diets were supplemented daily with 1 dried yeast tablet (400 mg.) and 2 drops 
of cod liver oil. To each 100 gm. of Diets 2 and 5 were added 1.0 and 0.5 gm. of 
choline and cystine respectively. 



Diet 1 

Diet 2 

Diet 3 

Diet 4 

Diet 5 

Diet 6 



Ptr cent 

per cent 

per cent 

per cent 

Per cent 

Casein 


5.0 

20.0 

20.0 

20.0 

BSI 

Starch 


36.5 


36.5 

16.5 

BSl 

Glucose* 


36.5 

24.0 

36.5 

16.5 

■SI 

Cellu flour j 

2.0 

2.0 

2.0 

2.0 

2.0 

W3Sm 

Salt mixturef 

5.0 

5.0 

5.0 

5.0 1 

5.0 


Lard 1 

40.0 

15.0 j 

25.0 

0.0 

40.0 1 

63.0 


* Generously supplied by the Corn Products Refining Company, New York, 
t Osborne, T. B., and Mendel, L. B., </. Biol. Chem., 37, 572 (1919). 


EXPERIMENTAL 

“White male rats weighing approximately 200 gm, (Group II) and 150 
gm. (Group III) were used. The former animals were secured from 
Sprague-Dawley, Inc., and the latter ones from the Albino Farms. For 
2 weeks after arrival in the laboratory, the animals received Purina dog 
chow and distilled water. The animals were then fasted for 48 hours and 
determinations made of the fasting blood ketone levels to serve as control 
values. After a return to the stock diet for 8 days, all the animals received 
the experimental diets and distilled water ad libitum for 23 days. The 
composition of the diets is given in Table I. The daily food intake and 
weight changes were recorded. To determine more accurately the start 
of the fasting period, the rats were always fed at 3 p.m. each day and the 
food cups removed 23 hours later. The cups were not returned to the 
cages on the day the fasting period began and 3 p.m. was considered the 
start of the fast. Total blood acetone bodies were determined on blood 
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samples collected at inten’als of 12, 24, and 48 hours after the start of the 
fast. The control and 12 hour fasting values were not determined on the 
animals of Group III. The room temperature was maintained between 
the limits of 2.3-27®. 

Methods 

Total blood acetone bodies were determined by a combination and 
modification of the methods of Shipley' and Long (4) and Block and Bolling 
(7). The former method was followed in detail except for the following 
modifications. A 0,2 cc. sample of blood was withdravTi directly from the 
clipped tail into an oxalated blood pipette and the tungstic acid filtrate 
prepared as suggested. The acetone was distilled from 4 cc. of filtrate 
to which had been added 12 cc. of water. This permitted duplicate de- 
terminations on one sample of blood and the collection of 9 cc. of distillate 
desired for colorimetric determinations. The oxidation of the ketone 
bodies to acetone and the distillation were completed as detailed in the 
original method. Ice water was circulated through the condenser to pre- 
vent loss of acetone. Large test-tubes, containing 1 cc. of 2 per cent sodium 
bisulfite, ser\"ed as receivers during the distillation and later as absorption 
tubes in the Evehm photoelectric colorimeter. After the distillation, their 
contents were made up to a volume of exactly 10 cc. and 10 cc. of 40 per 
cent sodium hydroxide added. The amount of acetone in the distillate 
was then determined according to the colorimetric method of Block and 
Bolling. Calibration cun^es were prepared from acetone standards run 
through the entire procedure. This standardization corrects for the error 
that would be introduced by the known loss of acetone during the distilla- 
tion. As an additional precaution, at least three points on the calibration 
cur%'e were checked by running acetone standards concurrenth’ 'ivith each 
series of blood ketone estimations. The de\dations of these from the 
standard cur\"e and of serial determinations on the same blood filtrate 
were less than 5 per cent. Thus this micromethod was found reliable and 
it permitted the desired serial determinations of the blood ketone bodies, 
measured as acetone, on the same animal. 

Apparent differences in the results of this study were analyzed for signifi- 
cance by the t method of Fisher (8) and onlj^ those showing a P value of less 
than 0.01 were considered significant. Included with the data are the 
standard errors of the means calculated as ■y/Xdr/N — l/\/iV. 

Results 

The control fasting ketonemias of the groups selected on the basis of 
body weights were found quite uniform (average value of 12 =h 1 mg. per 
cent). Thus the groups were distributed on the diets without regard to 
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the blood ketone levels, since they were similar. The degree of ketonemia 
at the end of various periods of fasting following the experimental diets 
is summarized in Table II. Similar blood ketone levels were present at 
the end of the various fasting periods in the animals on the low protein 
diets, Nos. 1 and 2. The same was true of the animals on the higher pro- 
tein diets, Nos. 3 to 6, A marked increase in the blood ketone bodies 
occurred at the end of the 24 and 48 hour fast in the animals on Diets 1 
and 2 as compared vnth those on the other diets. In Table III, the protein 
and fat intakes of both Groups II and III are calculated on the basis of 
body weight in order to give a better comparison of the dietary effects, 
since the amount of food ingested varies considerably vdth marked changes 

Table II 

Fasting Ketonemia after Special Diels 

The animals received the diets for 23 days. There were eight animals weighing 
approxin^ately 200 gm. on all diets except Diet 6 which included ten animals, 150 
gm. in weight. Blood ketone levels were determined at the end of various periods 
that began with the removal of the food cups, 24 hours after the last feeding. 


Group and 
diet No. 

Food intake 
per day 

Change in weight | 

Blood ketone bodies during fasting 

12 hrs. 

24 hrs. 

48 hrs. 


gm. 

per cent \ 

mg. per cent \ 

mg. per cent \ 

mg. per cent 

II-l 

9.8 =t 0.1 

1.1 zb 1.8 1 

8 zb 1 1 


44 zb 3 

' II-2 

12.3 =t 0.5 

5.2 ± 2.2 

7 zb 0 1 

22 ± 2 

38 zb 2 

II-3 

12.1 0.7 

24.0 db 3.3 

8 zb 1 

1 9 zb 1 

15 zb 1 

II-4 

17.5 0.6 

27.2 ± 2.4 



14 zb 2 

II-5 

10.7 zb 0.2 

30.9 ± 4.7 

6 zb 1 


13 zb 2 

III-6 

7.0 zb 0.3 

34.3 ± 3.8 


7 zb 1 

13 db 2 


in the fat content of the diet. The preceding protein intakes were found 
to be related to the fasting blood ketone levels. 

Effect of Fat Intake in Preceding Diet — To deter min e whether or not this 
is a factor governing fasting ketosis, the rats were fed fat at levels ranging 
from graces to 63 per cent of the diet (Table II). If comparisons of results 
after various dietary fat levels are made on animals ingesting the diets ^vith 
the same protein content (either 5 or 20 per cent), the ketonemias were not 
significantly different after the various fasting periods. For example, the 
ketone levels were similar after the 5 per cent protein diets, one of which 
contained 15 per cent and the other 40 per cent fat. The same is true when 
the diets contained 20 per cent protein and from traces to 40 per cent fat. 
Also there were no appreciable differences in the fasting ketonemia after 
marked changes in the fat intake if the absolute amount of protein ingested 
was approximately the same (Table III). The animals in Groups 11-3, 
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III-6, and III-2 ingested 1,13 to L17 gm. of protein per 100 gm. of bodj' 
weight per day during the experimental period and received from 38 to 
83 per cent of their calories as fat. Nevertheless all three of these groups 
had similar blood ketone levels during the following fasting periods. The 
same level of ketonemia found in these three groups was present in the 
animals of Group 1 1-4 after ingesting a greater amount of protein and only 
traces of fat. Likewise, the animals after a low protein intake and 63 
and 30 per cent of their calories as fat (Groups II-l and II-2) developed 
similar blood ketone levels. These results are not in accord with the finding 
of Roberts and Samuels (6) that the degree of fasting ketosis is influenced 

Table III 

Relation of Preceding Protein and Fat Intakes to Fasting Ketonemia 
White male rats, Groups II and III, weighing 200 and 150 gm., respectively, were 
used. The protein and fat intakes per 100 gm. of body weight per day as tabulated 
are biased on the averages for the experimental period of 21 to 23 days. Fasting 
periods began when the food was removed. 


Group and 
diet No. 

No. ol aniinals 

Intake per lOO gm.bodr weight per day 

1 Ketonemia: 

liter fasting 

[ Protein | 

Fat 

24 krs. 

1 48hrs, 

II-l 

s 

0.24 

gm. 

i 0.01 

gn. 

\ 1.91 i 0.06 

mg. per cent 

20 zb 3 

mg. per cent 

44 zb 3 

II-2 

s 

0.30 

=b 0.01 

1 0.89 i 0.03 

22 zb 2 

38 zb 2 

in-3 

9 

0.34 

i 0.01 

1.36 d= 0.05 

11 zb 2 

27 zb 2 

III4 

9 

0.34 

± 0.02 

1-3S i 0.06 i 

10 i 1 

25 zb 2 

II-5 

S 

0.91 

=b 0.02 

1.82 i 0.04 

7 db 0 

13 zb 2 

II-3 ' 

8 ' 

1.13 

=b 0.03 

1.3S A: 0.03 ' 


15 i 1 

III-6 

10 

1.17 

zh 0.04 

2.45 i 0.02 

iBl 

13 i 2 

in-2 

s 

1.16 

± 0.04 

1.11 ± 0.04 


IS zb 2 

II-4 

8 

1.51 

zb 0.02 

0.10 zb 0.00 

■SI 

14 zb 2 


hy the fat content of the preceding diet when the protein intake is the' same. 
In confirmation of earlier work (3), the increase or decrease in liver fat 
associated with the ingestion of sizable supplements of cystine or choline 
as in Diets 5 and 2 (Table II) did not affect the fasting blood ketone levels 
in this study. 

Effect of Protein Intake in Preceding Diet — ^The protein intake appears 
to be the chief factor governing the following fasting ketosis, as indicated 
by the results obtained after feeding protein at levels of 5, 20, and 30 per 
cent of the diet as shown in Table 11. Onl}- the animals pre'vriously on 
the 5 per cent protein diets (Nos. 1 and 2) showed a significantly greater 
fasting ketonemia. The fasting levels after the higher protein diets (Nos. 
3 to 6) were similar to those of the fasting controls. The results given in 
Table III show a definite relation of protein intake to the follo^ving fasting 
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ketone levels. All levels were similar after the protein intake reached about 
1 gm. per 100 gm. of bodj^ weight per da3\ Group III animals, from a 
different commercial source, seemed to be somewhat more resistant to 
developing a marked ketonemia after a low protein intake than did those 
of Group 11. There were significant increases in ketonemia in all these 
animals during the second 24 hours on the fast (Table II). However, the 
animals of both groups previously on the higher protein and either the low 
or high fat diets did not reach the same blood ketone levels during the 
second 24 hours of the fast as did those during the first 24 hours after the 
lowest protein diet, 

MacKay et al, (3) have related the protein intake preceding the fast 
to the degree of fasting ketosis on the basis of the antiketogenic action of 
the “stored’’ protein. The higher nitrogen excretion on fasting after the 
higher protein intakes was used as a basis for this conclusion. The better 
maintenance of the blood sugar as well as the liver gl^'cogen level during 
fasting in those rats was cited as excellent support for the view. The 
increase in the nitrogen excreted amounted to approximately 6 mg. per 
sq. dm. per daj^ during the 2 day fast. The antiketogenic material avail- 
able from the metabolism of protein containing 6 mg. of nitrogen would be 
equivalent to about 22 mg. of glucose, a very small amount to have such 
a marked effect upon the metabolism of the fasting animal. 

We have shown previously (1) that a rapid drop in the liver glycogen 
occurs during the early fasting period in animals previously on a low pro- 
tein diet and suggested an increased rate of carbohydrate utilization in 
these animals. Further support for this suggestion was obtained in a 
recent study (9) in which animals on 5 and 20 per cent protein diets (Nos. 
21 and 24) stored 8 and 20 per cent of the caloric intake respectively^ after 
similar caloric intakes per unit of body’’ surface. A significantly greater 
number of calories were utilized by’’ the animals on the low protein diet. 
The increase in the degree of ketonemia after the low protein diets might 
be explained by’’ this increased utilization associated with less gluconeo- 
genesis during fasting. A more rapid loss of the stores of the more readily 
available antiketogenic material in these animals would account for an 
earlier increase in the level of the blood ketone bodies. Additional e^ddence 
is being accumulated which supports this suggestion. ' • 

SUMMARY 

Various dietary levels of fat, ranging from traces to 63 per cent of the 
preceding diet, or changes in the fat from 38 to 83 per cent of the caloric 
intake, with protein intakes the same, produced no significant differences 
in the blood ketone levels during the following fasting periods. 

Low protein intakes were associated vdth a following fasting ketosis 
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significantly higher than that after the ingestion of 1 gm. or more of protein 
per daj^ for each 100 gm. of body weight. The preceding protein intake 
appears to be the major dietarj^ factor affecting the degree of the following 
fasting ketonemia. 

The effect of the preceding intake upon the fasting ketosis can be ex- 
plained by an increased utilization of carbohydrate in the animals on a 
low protein diet as well as by a lack of antiketogenic material during fasting 
due to the absence of sufficient protein stores. 
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The announcement of the discovery of a new antibiotic, streptomycin, 
came early in 1944 (1). This substance was the product of a soil organism, 
Actinomyces griseiis. In the short space of time since, a number of trials 
have demonstrated the value of streptomycin in the treatment of a variety 
of experimental infections in animals (2~5), and in the clinical treatment 
of human disease as well (6). 

Tn’o publications have appeared, each gi^dng a description for the 
preparation of a* jcr 3 "stalline derivative of streptomycin from highly puri- 
fied material (7, 8). Schatz et aL (1) describe the means of obtaining 
crude preparations. But no detailed description has appeared of a pro- 
cedure for obtaining the high purity preparations used in preparing crys- 
talline derivatives and conducting chemotherapeutic trials.^ The purpose 
of this paper is to describe a relatively simple procedure for obtaming 
streptomj^cin preparations containing 350 to 450 S units per mg. (9). 

EXPERIMENTAL 

The medium used by Schatz et al. (1), a beef extract -peptone broth, 
added to the difficulties' of purifying the antibiotic, chiefly because of 
materials in the beef extract which caused the preparations from such 
media to be colored and very hj^groscopic. It was found possible to sub- 
stitute yeast extract for the peptone-beef extract medium. 

Data in Table I illustrate experiments comparing four media. These 
data were obtained by averaging the results of two experiments in which 
five flasks of each medium were- sampled. Figures in Table I represent 
averages of ten flasks. Of these four media the yeast extract medium, 
fortified with minerals, gives the most satisfactory production. It is 
also the best from the standpoint of chemical recovery and consequently 
was used in our chemical recovery studies. The formula comprises 1 per 
cent glucose, 1 per cent Bacto-yeast extract, 0.5 per cent NaCl, 0.001 per 
cent FeSOi-VHsO, 0.025 per cent MgSO^-THsO; final pH 6.8. 

‘ Since submitting this manuscript, the authors have noted the appearance of a 
publication concerning purification of streptomycin (Carter, H. E., Clark, R. K., 
Jr., Dickman, S. R., Loo, Y. H., Shell, P. S., and Strong, W. A., J. Biol, Chem., ICO, 
337 (1945)). 


163 



164 


PRKPAJRATION' OF STREPTOiMVCIA" 


Production — The medium was dispensed into 1 liter (225 ml.) or 2 liter 
(350 ml.) Erlenmeyer flasks and sterilized. The inoculum was prepared 
by producing large numbers of spores on agar surfaces in flat sided, large 
mouthed, 8 ounce bottles. The composition of the sporulating medium 
was as follows: 1 per cent glucose, 0,05 per cent asparagine, 0.05 per cent 
K2HPO4, 1.8 per cent agar. 

A complete mat on the surface of the liquid medium is essential for good 
production. It was found necessary to use large inocula to accomplish 
this. After sLx da 3 '’S incubation at approximately 26° the gro\\i;h was 
removed from the agar surfaces by adding sterile, distilled water and 


Table I 

Rates of Production of Streptomycin on Different Media 


Age of culture 

1 

Streptomycin titer, S units per ml. 


Medium I 

Medium II 

Medium III | 

Medium IV 

rfayr 

5 

5 

21 

38 

15-20 

6 

10-15 

28 

43 

25 

7 

12-18 

48 

56 

35 

S 

18-22 1 

53 i 

56 1 

38 

9 

54 

76 

52 1 

66 

10 

45 

115 

74 1 

83 

11 

43 

122 

60 1 

76 


Medium I, 0.5 per cent peptone, 0.5 per cent beef extract, 0.5 per cent sodium 
chloride, 1 per cent glucose. Medium II, 1 per cent yeast extract, 0.5 per cent sodium 
chloride, 1 per cent glucose, 0.001 per cent ferrous sulfate (heptahydrate), 0.025 per 
cent magnesium sulfate (heptahydrate). Medium III, 0.5 per cent peptone, 0,5 
per cent yeast extract, 0.5 per cent sodium chloride, 1 per cent glucose, 0.001 per cent 
ferrous sulfate (heptahydrate), 0.025 per cent magnesium sulfate (heptahydrate). 
Medium IV, 1 per cent yeast extract, 0.5 per cent sodium chloride, 1 per cent glucose. 

rubbing with a sterile rubber policeman on a glass rod to suspend the spores. 
The spore suspension was added vdth a pipette to the surface of each flask. 
The spores from approximately 2 sq. in. of agar surface were used for each 
(liter Erlenme 5 ’’er) flask. The cultures were incubated at 24-28°. Mats 
were complete in approximately 48 hours. Flasks were sampled starting 
at 5 days, when significant activity begins to appear, and samples were 
assayed. Table II illustrates typical production rates, each figure rep- 
resenting the average of activities sho^m b}’’ five flasks of the same batch. 
Production be^ns to level off at approximately 9 da^^'s. When maximum 
activity was reached, the medium was dravm off ^\1th suction b}’’ inserting 
a sterile capillary pipette through the mats. Fresh medium, approximately 
equal in volume, was run in under the mats and incubation continued. As 
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will be seen in Table 11, higher activities Tvere reached in the refiooded 
flasks after 5 to 7 days than Tvere reached by 10 days in the original medium. 
This reflooding can be repeated, but is limited by the loss of an occasional 
flask to contamination and lowered production due to slight but unavoid- 
able damage of the mats each time. It is not generally practical to cany 
this beyond two refloodings. 

In the yeast extract medium the organism produces a red intracellular 
pigment and a dark brown extracellular pigment which do not appear or 
are produced in much smaller amounts in the peptone-beef extract medium. 
These pigments do not interfere nith chemical purification, however. 

The ori^al medium in the flasks reaches 100 to 200 S units (9) per ml. 
That obtained by reflooding the cultures reaches 250 to 400 S \inits per ml. 

Chemical Recovery — It is indicated (7) that charcoal adsorption of the 
antibiotic from the broth and elution with mineral acid are the first steps 


Table II 

Rate of Streptomycin Production in Surface Culture 


Original culture medium 

Refiooded cultures 

Age o{ culture 

Streptomycin titer 

Age from time of 
refiooding 

Streptomycin liter 

iayz 

S units per rU, 

days 

5 units prr nl. 

41 

50 

3 

140 

7 

70 

4 

190 

8 

100 

5 

3S0 

9 ! 

160 

6 

314 

10 

170 1 

7 

250 


used in chemical recover^' by other laboratories. Charcoal is a relatively 
non-specific adsorbent and a great deal of other material becomes adsorbed 
and eluted with the streptom 3 'cm. An attempt to find a more specific 
agent among the zeolites failed. Certain of these are capable of adsorbing 
streptomycin, but the amount of foreign material in the eluates is as high 
as with charcoal. The other approach was then taken, tliat of making 
the charcoal procedure more specific. 

The following procedure has been evolved. Tlie broth is filtered free 
of suspended fragments from the mats. To the clear broth Ls added 1 per 
cent of norit A decolorizing charcoal. The broth at this point i- approx- 
imately pH 8.0. It is stirred mechanicalh’ for 20 minutes and the charcoal 
filtered off on a Buchner funnel with suction. The charcoal is washed with 
3 to 4 times its weight of distilled water. This does not result in am’ loss 
of streptomj’cin. The charcoal cake is suspended, \rith stirring, in meth- 
anol to which 0.5 ml. of concentrated h\’drochloric acid ha« been added 
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per 100 ml. The volume of acid methanol used is approximately one-tenth 
that of the original broth. After 15 minutes the charcoal is filtered off 
and the methanol neutralized to pH 6.0 TOth sodium bicarbonate, (The 
pH determinations carried out on methanol solutions are actually made on 
1:5 dilutions in distilled water.) The methanol solution is concentrated 
at 25® and 25 mm. of mercury pressure until the volume has been reduced to 
10 per cent of the original. This solution is treated vnth 7 volumes of 
acetone, centrifuged, and the supernatant poured off. The activity is in 
the precipitate. If dried, tliis material contains 30 to 80 S units of strep- 
tomycin per mg. It is dissolved in distilled water to make a 0.6 to 0.8 
per cent solution and adjusted to pH 4.0 with hydrochloric acid. Then 
3 per cent of charcoal is added. The suspension is stirred for 15 minutes 
and filtered. The pH should be checked after mixing in the charcoal, 
since some charcoal samples contain salts which raise the pH. The char- 
coal contains all the colored materials and approximately one-third of the 
streptomycin. The clear, colorless filtrate is now adjusted to pH 6.0 by 
addition of 1 ai sodium bicarbonate and mixed, by mechanical stirring, for 
15 minutes with 5 per cent of charcoal. This charcoal is filtered off and 
washed vnth. 3 to 4 times its weight of distilled w^ater. The two charcoal 
cakes are separately suspended in cold methanol, and acid methanol (0.5 
ml. of concentrated hydrochloric acid per 100 ml.) added until the pH 
reaches 3.8, The volumes are made up with methanol so that the suspen- 
sion is 20 per cent with respect to charcoal. Stirring is continued for 15 
minutes; then the charcoal is filtered off and w^ashed Avith a small amount of 
methanol. The eluates, with w^ashings added, are neutralized to pH 6.0 
with 1 M sodium bicarbonate, eA’'aporated in vacuo at 25® to one-quarter the 
original volume, or less, and precipitated by addition of 7 volumes of 
acetone. The suspensions are centrifuged and the supernatants discarded. 
The precipitates are dried in vacuo over concentrated sulfuric acid, and 
powdered. That obtained by adsorption at pH 6.0 and elution is Avhite, 
almost non-hygroscopic, dissolves readib^ in distilled w^ater, and contains 
approximately 70 per cent of the activity recovered. The potency varies 
from 350 to 450 S units per mg.- The material obtained from the adsorption 
at pH 4.0 is light brown and is slightly hygroscopic. It contains strep- 
tomycin, 60 to 85 S units per mg., and resembles the crude product from the 
broth after the first acetone precipitation. The two crops contain 30 to 
35 per cent of the streptom 3 ’'cin in the original broth culture. Custom- 
arily, the recovery crop obtained at pH 4.0 is mixed with those from other 
batches and reprocessed in the same manner as described (process of 

* Use of a Sharpies supercentrifuge to remove the norit A from the broth more 
quickly and additional washing of the charcoal cakes have resulted in increasing the 
potcncj^ of tlic preparations to ns high as 700 S units per mg. 
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adsorption with pH change repeated). The recoven^ is approximately 
90 per cent with again 70 per cent of the recovered activity' in the 350 to 
450 unit per mg. fraction. 

Example — 10.5 liters of medium w'ere drawm off from the mats after 8 
days incubation. Assay of this show*ed 81.5 units per ml., a total of 
855,000 units. After processing this as described, w’e obtained 475 mg. 
of material assaying 400 units per mg. and 1.01 gm. of material assaying 
83.5 units per mg. 

Yield of high potency streptomycin = 190,000 — 22.2% 

“ “ low “ “ = 91,000 10.7% 

Total recovery 32.9% 

Reprocessing the 83.5 unit material yielded 170 mg. of 348 unit per mg. 
material and 317 mg. of 72.0 tmit per mg. material. Recoveiy on the re- 
processing equals 90 per cent. The yield of high potency material has now 
increased to 29.1 per cent and a 2.7 per cent recovery of more impure 
material remains. 

Assay — A sample from one of our preparations w'as submitted to Dr. 
S. A. Waksman for assay in his laboratory and this salt used as a standard 
to cany^ out assays of all broths and other preparations. Our assays have 
been further checked against a sample of crystalline streptomycin hydro- 
chloride supplied by Merck and Company, Inc. 

A plate-cup assay of the United States Food and Drug Administration 
type wdth Staphylococcus aureus was used. Three dilutions were poured, 
25, 50, and 100 S units per ml. The solutions for assay- w*ere made up in a 
0.05 M sodium phosphate buffer at pH 7.0. The medium used w'as that 
recommended by- the United States Food and Drug Administration for 
penicillin assay. Twelve plates were used for each assay-, four cups on 
a plate. Thus there are eight cups at each dilution for both standard and 
unknowTi. 

The zones are smaller than those obtained for assay-s of penicillin or 
Bacillus suhtilis streptomy-cin assay-s, but are very- clear and have sharp 
boundaries. The three zone sizes plotted on semilogarithmic graph paper 
give a straight line. 

Example — A factorial analy-sis w-as carried out on several assay-s accord- 
ing to the method of Bliss and Marks (10). This was found satisfactory 
from the standpoints of possessing parallelism of standard and unknown 
curves, no opposed cuiwatures, and adherence to straight line relations 
betw’een log-dose and response. In a ty-pical analysis the unknowm w’as 
calculated to 1 18 per cent of the standard with limits of 114 to 122 per cent. 

Toxicity — A carotid blood pressure recording w*as made on a 5.5 kilo 
dog under sodium barbital anesthesia. Solutions of two streptomy-cin 
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preparations were made up to contain 20 mg. per ml. Preparation 1 was 
348 units per mg.; Preparation 2 was 400 units per mg. Injections were 
made into the femoral vein, first 1 ml. of Preparation 1 and after an inter- 
val of 5 minutes, another 4.0 ml. of Preparation 1. After a 10 minute 
inten'^al 1 ml, of Preparation 2 was injected, then 4,0 ml. The blood 
pressure recordings are presented in Fig. 1. It is seen that both the salts 
were without significant efifect on the blood pressure, though the sum total 
of injections in a 20 minute period corresponds to far larger amounts than 
are customarily given to hmnan patients on a body weight basis (6). The 
dog recovered well after the slit carotid arter^^ was sewed up. Early 
streptomycin preparations exhibited a “histamine efifect” (11). This ex- 
periment demonstrates that the histamine-like factor is not present in these 
preparations. 

Toxicit}^ studies were made on some of our streptomycin preparations 
by intravenous injection in mice. The preparations were made up at 
various concentrations in distilled Avater and injected into the tail veins of 
white mice weighing 20 gm. One preparation, 400 S units per mg., pH 
7.1, was tolerated at 5.0 mg. (2000 S units), but killed the mice, A\ithout 
exception, at 7.5 mg. Another preparation, 500 S units per rag., pH 7.0, 
kihed one mouse of five at 5.0 mg, (2500 S xinits) and killed all mice in- 
jected with 6.0 mg. (3000 S units). No difference was observed when 
smaller volumes were used (0.2 ml. injections instead of 0.5 ml.).® 

IVhen the intravenous injections are made, there is an immediate and 
violent reaction with respirator^' difficultj'. The mice either die \rithin 5 
minutes or sundr^e indefinitely. The tolerance is approximate^’ 5 times 
higher if the injection is made intraperitoneallj’. It is evident that a more 
rigorous study of the toxicity testing of streptomycin preparations is needed. 

Denkelwater el ah (12) har’e demonstrated that cysteine inactivates 
streptomycin, but is without efifect on streptothricin. Incubation of 
400 S units of one of our streptomycin preparations with 2 mg. of cysteine 
for 1 hour at 37°, pH 7.0, completely inactivated the preparation. 

DISCUSSION' 

The medium used in this work for streptomj’cin production has the 
disadvantage that it costs approximate^’ 50 per cent more than does the 
peptone-beef extract medium. This is far outweighed by the advantages 
of higher, more rapid production, together with greater ease in purification 
of the product. The peptone-beef extract medium gives preparations of 
almost equal potencj’' after additional manipulations, but they still contain 

* PreUminarj' testing, since crj’stalline streptomycin hydrochloride has become 
available to us, indicates that the toxicity of our preparations is all due to the strep- 
tomycin, and not to any impurities. 
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colored materials. Their toxicity has not been studied. Batches of 
streptomycin broth produced in Media II, III, and IV, listed in Table I, 
of equal volume and approximately equal potency, were processed under 
identical conditions. The yields were approximately equal. The poten- 
cies of the products were as follows: Medium II 368 S units per mg.. 
Medium III 248 S units per mg., Medium IV 264 S units per mg. 

Broths of potencies varying from 60 to 380 S units per ml. have been 
processed in the manner described. There appears to be no relation be- 
tween potency of the broth and potency of the final product. Broths at 
both extremes, treated in an identical manner, both yielded products which 
were 400 S units per mg. Final products of lower potency are encountered 
if the charcoal is left in contact with the broth too long, when it adsorbs 
additional foreign matter. 

During hot weather, when incubator space could not be held below 30°, 
it was found that this variance from the optimum conditions for the organ- 
ism caused a marked fall in production of streptomycin. 

The chief impurity in our preparations is sodium chloride. This enters 
as a result of the back neutralization necessary after elution 'svith acid 
methanol. This impurity is no disadvantage to the therapeutic use of the 
preparations. 


SUMMARY 

A procedure for production of streptomycin in surface culture is de- 
scribed. A new method for purification of the antibiotic from these 
cultures is outlined. The products have a potency of 350 to 450 S units 
per mg. 

The authors wish to express their thanks to Dr. Selman A, Waksman for 
supplying the culture used in this work and for assay of a streptomycin 
standard, to Mr. Walter Bachinski for carrying out the tests on dog blood 
pressure, and to Merck and Company, Inc., for a gift of cry.stalline strep- 
tomycin hydrochloride. 
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LETTERS TO THE EDITORS 


OX THE FUNCTION OF PYRIDOXINE IN LACTIC 
ACID BACTERIA 


Sirs: 

During the course of our studies on the xihe of microorganisms for the 
determination of amino acids, vre have found that the amino acid require- 
ments of several lactic acid bacteria are modified not only by pyridoxine 
and pjTidoxine derivatives, as reported by Stokes and Gunness,^ but also 
by the presence or absence of CO:. 

It was observed that the growth response of the organisms grown in a 
medium containing p 3 Tidoxine but deficient in any one of several amino 
acids w'as rapid w*hen the cultures w'ere grown in tubes of small diameter, 
while only scant growth occurred in Erlenmeyer flasks in which the rela- 
tive surface area was much larger. This difierence in growth response was 
found to be due to a difference in the amount of metabolic COi retained in 
the culture medium. 

The results of an experiment which shows the relationship of both 
pjTidoxine and CO: to the amino acid requirements of Streptococcus faecalis 
R and Lactobacillus arahinosus are given in the table. 

The cultures w'ere grown in 50 ml. Erlemnej^er flasks. In the tests with 
carbon dioxide the cotton stoppers w'ere replaced with sterile rubber stop- 
pers after seeding. Then by the use of sterile h^-podermic needles and 
cotton filters the air in the flasks was displaced bj’ flushing with 2 liters 
of a gas mixture containing 6 per cent CO: and 94 per cent air. The needles 
were removed from the stoppers before incubating the cultures. The 
medium was similar to that used for amino acid assaj's.^ Succinic acid 
w’as used as a buffer in the Streptococcus faecalis R medium. When 
pjTidoxine was used, it w’as autoclaved with the medium. 

Since CO: is not required for the growth of the organisms in a medium 
containing all of the amino acids, it is probable that CO: is required spe- 
cifically for amino acid synthesis. Likewise, since pjTidoxine or pyridoxine 
derivatives are not required for rapid growth in a medium containing all 
the amino acids, but are required in a medium with certain amino acids 
omitted, it is probable that some form of pyridoxiae is involved in an 

* Stokes, J. L., and Gunncss, M., 5ci'cnce, 101, 43 (1945). 

* Kuiken, K. Xorinan, tV. H., LjTiian, C. M., Hale, F., and Blotter, L., Biol. 
Chem., 151, 615 (1943), 


173 




174 


LETTERS TO THE EDITORS 


enzyme system 'which carries out amino acid synthesis in these organisms. 
Gunsalus ei al? have shown that a derivative of pyridoxine is a part of an 

Effect of Carbon Dioxide and Pyridoxinc on Amino Acid Requirements of Laclohacillus 
arahinosus and Streptococcus faecalis R 


The figures show the ml. of 0.1 n sodium hydroxide required to titrate 5 ml. 
aliquots from 10 ml. cultures after incubation for 72 hours. 


Organism 

Amino acid omitted 

Flasks stoppered with I 
loose cotton plugs j 

Sealed flasks, ^as phase, 
COi-air mixture 

Without 

pyridoxine 

1 

16 T 

pyridoxine 
per tube 

Without 

pyridoxine 

16 7, 

pyridoxine 
per tube 

L. arahinosus 

Phenylalanine | 

0.60 

0.63 

0.88 

5.00 


Tyrosine 

0.43 

0.46 

0.63 

4.21 


Arginine 

0.36 

0.43 

0.51 

5.29 


None 

4.33 

5.75 

4.17 

5.91 

S, faecalis R 

Aspartic acid 

0.68 

1.09 

0.71 

4.04 


None 

4.72 

4.65 

4.65 

4.58 


enzyme system which decarboxylates tyrosine with the release of CO2. It 
remains to be proved whether pyridoxine functions also in the reverse 
manner; that is, in an enzyme system 'v\^hich carries out the fixation of 
CO2 as a step in the s3mthesis of certain amino acids. 

Texas Agricultural Experiment Station Carl M. Lvman 

Agricultural and Mechanical College of Texas Olive Moseley 

College Station Suzanne Wood 

Betty Butler 
Fred Hale 
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® Gunsalus, I. C., Bellamy, W. D., and Umbreit, W. W., J, Biol, Chem,, 166, 6S5 
(1944). 
















DEHYDROPEPTIDASE ACTIVITY IN TISSUES 


Sirs: 

Peptides of a-aminoacrj^lic acid (dehydroalanine) may be enzymatically 
hydrolyzed to products 'which include pyruvic acid and ammonia.^ An 
active dehydropeptidase for chloroacetyldehydroalanine is present in ex- 

Bydrolysii of Dehydropeplidcs in !risjru« Exiracls* 


Araaoaia N liberated Jr ora 


Tissue 

CUoroacetyldehTthcalaniue 

1 

Glycyldcbydroalaaicc 


lUt 

Mouse 

Rab- 

bit 

Guin- 
ea pi« 

Rat 


Rab- 

bit 

Guin- 
ea pix 

liver 

' 1 

20t ■ 

15 

11 

12 

20t 

18 ! 

13 

15 

Fetal liver 

5 


la 


20 


12 


Primary hepatoma 

10 


! 


20 

1 



Transplanted hepatoma i 

1 

0 



20 

18 ! 



Spleen 

0 ; 

0 

0 1 

0 

19 

17 

12 

16 

Kidney 

20 , 

23 

14 

16 

22 

21 

14 

19 

Brain 

0 

0 

0 

0 

18 

17 

15 

20 

Muscle 

0 

0 

0 

0 

20t 

16 

12 

14 

Pancreas 

10 

4 

3 

10 

17 

20 

15 

15 

Intestinal mucosa 


2 




20 



** adenocarcinoma 

( 1 

0 




19 


1 

Blood serumj 

1 " i 


0 

0 

11 


14 

1 


* The data are givenin terms of moles X 10~* of ammonia N liberated from 25 X IfT* 
mole of substrate in 1 cc. after 2 hours incubation at 38® with 1 cc, of phosphate buf- 
fer at pH 6.9 and 1 cc. of tissue extract equivalent to 166 rag. of tissue. The results 
are corrected for appropriate blanks. Nearly identical results were obtained under 
anaerobic conditions. 

t Pyruvate was present to the extent of 16 to 18 moles X 10“*. Manmum hydroly- 
sis of substrates corresponding to 20 to 22 moles X ICT* of ammonia N was reached 
in 2 hours; 50 per cent hydrolysis was reached after about a half hour of incubation. 
Neither glycine nor glycylglycine yields ammonia or pyruvate under present con- 
ditions. 

X 1 cc. of serum was used for the digests. Corresponding values for human scrum 
are 0 with chloroacetyldehydroalanine and 4 with glycyldehydroalanine. 

tracts of liver, kidney, and pancreas of rats, mice, rabbits, and guinea pigs? 
under the same conditions this substrate is not appreciably attacked in the 
serum or in extracts of spleen, brain, muscle, or tumors of these species. 

* Bergmann, M., and Schleicb, H., Z. physiol. Chem., 205, 05; 207, 235 (1932). 

* Greenstein, J. p., and Leuthardt, F. M., J, Nat. Cancer Inst., 5 , 209, 223, 249 
(1944-45). 
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We have recently observed that when glycjddchydroalanine is used as 
the substrate eveiy tissue studied, whether normal or neoplastic, actively 
hydrolyzes it (see the table). It would appear that there are at least two 
dehydropeptidases, one mth a very vide distribution among tissues wliich 
may be designated dehydropeptidase I and the substrate for which is 
glycyldehydroalanine, and the other with a relatively limited distribution 
among tissues which may be designated dehydropeptidase II, the substrate 
for which is chloroacetyldehydroalanine. The former enzyme, unlike the 
latter, apparently requires the presence of a free a-amino group in the acyl 
residue of the substrate. 

The wide-spread occurrence and powerful activity of dehydropeptidase 
in tissues, as compared with the relatively weak activity intracellularly 
of the peptidases for saturated chain peptides (aminopeptidase, carboxy- 
peptidase, etc.), lend weight to Bergmann^s original view^ that amino 
acids can be catabolized when in peptide linkage. The occurrence of 
dehydropeptidase I in tissues lacldng exocystine desulfhydrase acti^dty* 
suggests that the precuisors of Q:,/3-unsaturated amino acid residues in 
susceptible dehydropeptides may be other amino acids besides cystine. 


Jesse P. Greenstein 

Pl.ORENCE M. LeUTHARDT 
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3 Bergmann, M., Schmitt, V., and Miekeley, A., X. physiol. Chem., 187, 264 (1930). 



A SUGGESTED MODIFICATION OF THE MICROBIOLOGICAL 
ASSAY FOR RIBOFIA\TN 


Sirs: 

A number of reports^ have called attention to the fact that natural 
sources of the vitamin B complex contain substances other than the vita- 
mins that stimulate the growdh of the microorganism, Ladobadllits casei, 
used in microbiolo^cal assay procedures. In the riboflavin assay pro- 
cedure the non-riboflavin stimulatory effect becomes significant when the 
lower levels of added test solution &ve an apparent riboflavin content ap- 
preciably in excess of that shown by the larger additions. 

In our exx)erience careful removal of the protein and fat fractions of the 
test solution has eliminated the non-specific stimulatory effect. The 
XJ. S. P. microbiological assay procedure® provides for the removal of these 
fractions, but a more detailed description is desirable for application to 
food products and particularly cereals. After the sample has been treated 
with 0.1 K HCl in the autoclave for 30 minutes and cooled to room tem- 
perature, as directed in the U. S. P. procedure, the suspension is adjusted 
to pH 5.5 to 6.0 with NaOH solution and HCl is immediately added until 
no further precipitation occurs (at the isoelectric point of the protein, 
about pH 4.5). The suspension is diluted to a measured volume such that 
it contains more than 0.1 y of riboflavin per ml. and filtered through paper 
knorni not to adsorb riboflavin. Dissolved protein, if present, is de- 
tected in the clear filtrate, at a pH both below and above that first used, 
by adding dropwise first HCl solution then NaOH solution. If further 
precipitation occurs, the solution must again be adjusted to the point of 
maximum precipitation and then filtered. To a measured volume of the 
clear filtrate NaOH solution is added to a pH of 6.6 to 6.8. If cloudiness 
occurs, the solution is again filtered, and then diluted to a final volume 
calculated to contain 0.1 y of riboflavin per ml. 

In the table data are presented showing the stimulatoiy effect that may 
occur when the protein fraction has not been removed completely from the 
test solution. A comparison is made of values obtained for the different 

' SneU, E. E., and Strong, F. M., Ind. and Eng. Ckcm.^ Anal. Ed., 11, 346 (1936). 
Bauemfeind, J. C., Sotier, A. L., and Boruff, G. S., Ind. and Eng. Chem., Anal. Ed., 
14, 666 (1942). Andrews, J. S., Boyd, H. M., and Terry, D. E., Ind. and Eng. Chem., 
Anal, Ed., 14, 271 (1942). Williams, V. R., and Fieger, E. A., Cereal Chem., 21, 540 
(1944); Ind. and Eng. Chem., Anal. Ed., 17, 127 (1945). 

* The pharmacopoeia of the United States of America, Twelfth decennial revision, 
Ist bound supplement, Easton (1943). 
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levels of test solution (a) after precipitation with alkali and (6) after pre- 
cipitation according to the modified procedure. 


Material assayed 

Method of 

Riboflavin at diflerent levels of test solution 

pptn.* 

1.0 ml. test 
solution 

1.5 ml. test 
solution 

2.0 ml. test 
solution 



y per mU 

y Per «/, 

y Per mL 

Vitamin B complex capsules 

(a) 

0.110 


0.094 


(b) 

0.094 


0.094 

Dried brewers’ yeast 

(a) 

0.092 

0,088 

0.083 

i 

(.b) 

0.082 


0.081 

Enriched flour I 

(a) 

0.099 1 

Bbm 

0.091 

1 

(b) 

0.088 

mmm 

0.088 


(a) 

0.101 


0.085 

** bread j 

(t) 

0.086 

■Bi 

0.085 


* (a) precipitation with alkali; (6) precipitation according to the modified 
procedure. 


By approacliing the isoelectric point from the alkaline side, more nearly 
complete removal is assured. The fraction that stimulates is readily 
soluble above but insoluble below the isoelectric point over a fairly wide 
range of acid concentration. The fat fraction is removed satisfactorily 
by the process of filtration through paper. 

Food and Drug Administration H. W. Lor, Jr. 

Federal Security Agency 0. L. Kline 

Washington 
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BE^rEESAL BY TRYPTOPHANE OF THE BIOLOGICAL EFFECTS 
OF 3-ACETYLPYRIDINE 


Sirs: 

Woolley' has sho^%Ti that the feeding of 3-acetyipyridine (a structural 
analogue of nicotinic acid) to mice caxised the production of a fatal disease 
Tvith many manifestations similar to those of human pellagra or of canine 
blacktongue. This action of 3-acetylpyridine could be negated completely 
by addition of nicotinic acid to the diet. At about the same time, Rrehl 
ei al} demonstrated that the inclusion of com in a highly purified basal 
ration for rats brought about retardation of growth and that this deleterioxis 
effect of com could be overcome either with nicotinic acid or with trypto- 
phane. These authors postulated a selective action of the com on the 
intestinal flora as an explanation of their findings. However, an alternate 
hypothesis is that the “pellagragenic” action of com may be related to 
the occurrence in it of a stmctural analogue of nicotinic acid which competes 
with that vitamin just as 3-acetylpyridine does. Since tryptophane as 
well as nicotinic acid counteracted the effects of com, it was decided to 
determine whether tryptophane would also overcome the action of 3- 
acetylpyridine. The experiments described below will show that trypto- 
phane did nullify the toxic effects of 3-acetylpyridine. 


jR&spons&s of Mice to Added Tryptophane and S-Acelylpyridine 


•a-Tryptophane 

a.aded 

3-Ace tylpyri din e 

No. of anttnaU 

No. of deatlis 

i 

Avenge change in 
wei^t 

ptrcmt 

i»t. i>cr day 



Sm. per rsi. 

0 

0 

12 

0 

-i-4.0 

0 

4 

12 

11 


2.0 

4 

6 

0 

-h5.2 

1.0 

4 

11 

1 

+6.1 

0.3 

4 

11 

1 

+6.1 

0.1 1 

1 

4 

6 

1 

+4.6 


Weanling mice were caged individually on screen floors and fed a diet 
composed of sucrose 75 gm., casein 18 gm., salts’ 5 gm., heated starch 
(amigel)^ 20 gm., fortified com oil® 1 gm., thiamine 0.2 mg., riboflavin 0.5 

' WooUey, D. W., J. Biol. Chem., 167, 455 (1945). 

(194^^^^* A., Teply, L. J., Sarnia, P. S., and Elvehjem, C. A., Science, 101, 489 

’ Phillips, P. H., and Hart, E. B., J. Biol. Chem., 109, 657 (1935). 

* Supplied by the Com Products Refining Company. 

* Woolley, D. W., J. Biol. Chem., 143, 679 (1942). 
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mg,, pyridoxine 0.2 mg., calcium pantothenate 2 mg,, choline chloride 10 
mg., and inositol 100 mg. To this basal ration various amounts of tryp- 
tophane were added. Beginning on the 4th day each animal was given 
orally 4 mg. of 3-acetylpyridine per day. The experiment was continued 
for 10 days, and the animals were observed for signs of disease and were 
weighed twice weekly. In one experiment, to verify the previous finding 
that this vitamin would protect the animals,^ a group of six mice was fed 
the basal ration plus 0.5 per cent of nicotinamide. 

The data in the table show that tryptophane nullified the toxicity of 
3-acetylpyridine. It also prevented the pellagra-like manifestations called 
forth by the ketone. As little as 0.1 per cent of the amino acid was suffi- 
cient to protect the animals. Therefore, tryptophane was as active in 
this respect as was nicotinic acid.^ In view of these results and those of 
Krehl el aU it might be of interest for a study of the etiology of pellagra to 
examine corn for the presence of a structural analogue of nicotinic acid. 

The Rockefeller Institute for D. W. Woolley* 

Medical Research 

New York 

Heceived for publication, December 17, 1945 


® With the technical assistance of A. Holloway. 



THE COMBINATION OF FATTY ACIDS AND RELATED 
COMPOUNDS WITH SERUIM ALBUIMIN 

I. STABILIZATION AGAINST HEAT HENATURATION 

By PAUL T>. BOVER, FUNSTON G. LUM, GERALD A. BALLOU, 

J. MURRAY LUCK, axd RANDALL G. RICE 

{From the Biochemical Lahoratort/j Department of Chemistry j 
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In a recent publication (1) data were presented which showed that lower 
fatty acid salts markedl^'^ retard the heat coagulation of concentrated serum 
albumin solutions, and a simple “cloud point” method for evaluation of 
the relative stabilization produced by different substances was described. 
These experiments have been extended to include studies of the thermal 
stability, as measured by nephelometric, viscometric, and cloud point 
methods, at different concentrations of stabilizers and albumin, and in the 
presence of a number of related compounds. The results and conclusions 
from these later studies are reported herein. 

Mcliiods 

The serum albumin solutions were pi-epared as descrii>ed previously (1). 
Amorphous and crystalline human and bovine albumin were used. The 
ciystaUine human and bo\ine albumin preparations were homogeneous 
as determined by electrophoretic analysis; the amorphous bo\dne albumin 
contained about 2 per cent of a-globulin, and the amorphous human prep- 
arations contained from 1 to 2 per cent of globulin. The beha\dor of 
these various serum albumin preparations in the presence of stabilizing 
agents was quite similar. 

The pH of the albumin solutions, with or without the addition of sub- 
stances tested for stabilizing activity, was between 6.8 and 7.5 unless other- 
wise noted. Cloud point and nephelometric measurements were made as 
preriously described (1, 2). Viscosity determinations were made with 
Ostwald viscosity pipettes, with a constant temperature bath regulated 
to ±0.01°. The water times at 30° of the pipettes used with 2 gm. per 
cent solutions of albumin were from GO to 70 seconds, and the water times 
of the pipettes used with 25 gm. per cent solutions of albumin were from 
7 to 10 seconds. The pipettes were thoroughly cleaned vith dichromate 
cleaning solution between determinations. The test solutions were heated 
in stoppered \dscometers, which were opened when a determination was 
made. The time of heating for a particular viscosity determination was 
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taken as the time duiing wliich the Stample had liecn in the atoi bath hofoie 
the viscosity measurement A\as begun plus one-half of the diainagc time 
for the pipette. Viscosity measuiemcnts on a solution weie discontinued 
if any particulate material, observable in a strong cross-beam of light, 
appeared. 

Most of the experiments reported herein were conducted ^Yith solutions 
containing 25 gm. per cent of albumin, because of the relation of the studies 
to the practical problem of thermal stabilization of albumin solutions as 
prepared for the armed forces. Although theoietical studies A\ith con- 
centrated protein solutions are necessarily limited, lelative data on the 
thermal stability of the albumin are readily obtainable with such solutions 

RESULTS AND DISCUSSION 

Cloud Point Studies vnth Various Compounds — The effects of inci easing 
concentration of the sodium salts of straight chain fatty acids on the cloud 
point are shown in Fig. 1. The data given in Fig, 1 as ^^ell as in Figs 2 
and 3 weie obtained with 25 gm. per cent solutions of a crystalline human 
serum albumin pieparation. The cloud point tcmpciatuic vas taken as 
the temperature at which a coagulum foimcd in 30 db 2 seconds vhen the 
solutions A\eic heated in capillaries at constant tempcratuic (1). The 
inciease in stabilization with incicase in chain length of the fatty acid salt, 
as noted pieviously with lelatively liigh concentrations of the fatty acid 
salts (1), is clearly evident. Maximum stabilization is attained with salts 
of fatty acids 7 to 8 caibon atoms in chain length and in a concentration 
of about 0.15 M. Above this concentiation gel foimation ensues. Belo\\ 
a concentration ot about 0.015 m, stabilization increases 'with inciease of 
chain length up to the 12 carbon acid but the eflect falls off vith inciease 
of concentiation. This nas the longest chain fatty acid studied; the low 
solubility of the sodium salts ot fatty acids of gi eater chain length did not 
permit theii use. Fig. 1 selves to illustrate the lelationship between chain 
length of the fatty acid salt, its concentiation, and the degice of stabiliza- 
tion attained. The diminishing efficacy of the highci fatty acid salts (above 
Cs) is probably due to the denatming effects of substances uith deteigent 
properties (3^5). Dodecyl sulfate, \Yhich has been obseived to cause de- 
naturation of serum albumin (5, G), has a stabilizing effect in low concen- 
tiations similai to that produced by lam ate. As the concentiation of the 
fatty acid salts with 7 or moie caibon atoms is inci eased, a point is i cached 
at wdiich a cloud no longer foims, but instead a clear gcl results at the ele- 
vated tempeiatuie. The concentiation at which this phenomenon may 
be noted decreases with inciease in the length of the fatty acid chain. 

Measurements of the cloud point tempeiatuie of albumin-fatty acid 
salt mixtures at different time intervals after mixing show’ed that the cloud 
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point had alread}’^ attained a constant value \vhen the measiu-ements were 
made as soon as possible after mixing. Thus, in so far as the cloud point 
of a solution serves as a measure of the amount of combination of a particu- 
lar fatty acid nith the albumin, a conclusion which seems reasonably 
justified on the basis of experiments described later, the combination 
between the fatty acid and the serum albumin proceeds at a very rapid 
rate. Ultrafiltration measurements also show that the amount of com- 
bination reaches a constant value within the time necessary’' for the experi- 
ment.' 



Tic. 1. The stabilization of serum albumin to heat by fatty acid salts 

Experiments with, alkyl sulfonates, given in Fig. 2, showed that these 
Jiubstances likeA\ise have a pronounced protective effect against heat 
coagulation, and that this effect increases with, the size of the alkyl groups. 
The cur\’es for butyrate and caprylate are included for comparison. The 
effect of the sulfonates is not quite as great as that of the fatty acid salts on 
the basis of molecular size; e.g., caproyl sulfonate is a slightly larger mole- 
cule than heptylate, but is slightly less effective. Although these slight 
differences were noted, the relative effects of the sulfonates and carboxy 
acids Arith alkyl gi-oups of the same chain length do not differ much, in- 
* Boyer, P. D., Ballou, G. A., and Luclf, J. M., unpublished. 
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dicating that the strength of the acid gioup does not markedly affect the 
amount of stabilization, since the sulfonic acids aie highly dissociated, 
while the caibo\y acids have pK values of about 4.9 to 5.0 (7, 8). That 
the stiength of the acidic gioup is not a primary factor is also evident from 
the comparative effects of the fatty acids, all of which have about the same 
dissociation constant. 



Fig, 2. The slabiluation ot serum albumin to heat by alkyl sulfonates The dot- 
ted curves represent butyrate and caprylatc 

The effects of vanous aromatic acids on the cloud point aie sho\^n in 
Fig. 3. The addition of a phenyl gioup to a fatt}’' acid anion maikedly 
increases the stabilizing effect of a fatt}" acid, although the phenyl group 
has less effect than an alkyl group of the same number of carbon atoms. 

The addition of a h^^droxyl group to a compound lesults in a definite 
dcciease in the stabilizing effect. Compaiisons bet\\een propionate and 
lactate, butyiate and ^-h3’’dro\y butyiate, and phenjd acetate and man- 
delate demonstiated that the compounds with hydio\yI gioups are less 
effective. Sodium gluconate also had but slight effect. 

Tlic presence of additional caibovyl groups likewise decreases the pro- 
tective action of a compound. Sodium succinate and fumarate are far 
less effective than propionate and butyiate, and aie even le^^s effective than 
chloiidc. Phthalatc is also consideiably less effective than benzoate. 
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Several other compounds of interest have been tested and found effective 
as stabilizing substances. Trichloroacetate and tungstate, which in the 
acid state are commonly used as protein precipitant;?, increase the thermal 
stabilitj’. Trichloroacetate (0.0375 to 0.15 m) was more effective than 
tungstate (0.0375 to 0.15 m); the effect of the former is similar in degree to 
that of caproate; tungstate is about as effective as acetate. Monochloro- 



Fig. 3. The stabilization of serum albumin to heat by salts of various aromatic 
acids. 

acetate is much less effective than trichloroacetate, although more effective 
than acetate. Sodium salts of cholic, desoxj'cholic, and deh 3 'drocholic 
acids in concentrations up to 0.025 si have a protective action of about the 
same magnitude as butjTate. Of these salts the desoxj-cholate is the most 
effective. Formaldehj’de also produces an increase in the cloud point 
temperature, although its mode of combination with the albumin is un- 
doubtedly” different from that of the fatty' acids. Buty’xaldehy'de, although 
possessing a non-polar side chain, produces much less effect than the more 
reactive formaldehyde. The increased stability' of serum albumin in the 
presence of formaldehy’de has been noted pre'viously (9). The observ'ation 
of Spiegel-Adolf that cephalin will prevent the heat coagulation of serum 
albumin (10) is also of interest. 

The importance of negatively' charged groups in the stabilizing .sub- 
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stances was shown by experiments in which non-charged compounds with 
non-polar groups were used. The solubility of such compounds is small, 
but those studied had sufficient solubility so that solutions were readily 
obtained with concentrations comparable to the effective concentrations 
of anions. Ethyl butyrate, butyramidc, caproamide, monocaproin, 
monocapr^din, monocaprin, and triacetin all have only small stabilizing 
effects with crystalline human serum albumin solutions; none of the com- 
pounds has an effect as great as that of butyrate; most of them are roughly 
as effective as chloride. With amorphous albumin preparations, a more 
pronounced stabilization was sometimes noted with monocaproin, but the 
results were erratic and always less than the consistent stabilization 
produced by the fatty acid salts. 

In contrast to the effect of anions, cations with non-polar groups in- 
crease the susceptibility of serum albumin to heat denaturation. At pH 
7 to 8, additions of dodecylamine and hexylamine hydrochloride to 25 gm. 
per cent solutions of albumin decreased the cloud point temperature in 
proportion to the concentration of the amine. 0.15 m solutions produced 
decreases of 10° and 4°, respectively. 

Cloud point experiments on the acid side of the isoelectric point of 
albumin showed that the opposite effect of cations and anions is not due 
to the respective decrease and increase in the negative charge which their 
combination with the albumin would produce. A 25 gm. per cent solution 
of crystalline bovine albumin which contained 0.05 m NaCl and had been 
brought to pH 4.3 by addition of acetic acid had 30 second cloud point 
temperatures of 63.5°, 62.0°, 60.0°, and 59.0° in the presence of 0.025 m 
caprylate,^ 0.05 m caproyl sulfonate, no addition, and 0.05 u hexylamine 
respectively. Thus, stabilization by anions is evident on both the alkaline 
and acid side of the isoelectric point. 

A variety of other compounds has been tested. All of these had slight 
stabilizing effects in comparison to the pronounced effects of low concen- 
trations of fatty acid salts and related compounds. The compounds tested 
were glycine, alanine, glycylalanine, alanylglycine, gelatin, a-globulin, 
glycerol, glycerophosphate, xylose, glucose, maltose, sucrose, a-methyl- 
glucoside, ascorbic acid, sodium phosphate, and sodium sulfate. 

Requisite Siructurc for Stahilizing Properties — The above experiments 
permit definition of the structure of a group of compounds which nill 
stabilize serum albumin against heat denaturation and coagulation. The 
basic, requisite structure is an anion with a non-polar group. Of forty 
different compounds of this type, including derivatives of carboxylic, 

* In aqueous solution at this pH, caprylic acid exists principally in the undisso- 
ciated, water-insoluble form. However, in the concentrated albumin solutions used 
no separation of free caprylic acid was noted. 
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sulfonic, sulfuric, and pbospboric acids, all had stabilizing properties in 
low concentrations. Twenty-three other compounds, including amino 
acids, peptides, proteins, sugars, alcohols, amides, esters, and amines 
with non-polar groups, did not possess the marked stabilizing properties 
of the non-polar anions. The magnitude of the stabilization produced b}' 
any tj'pe of anion increases in general with the size of the non-polar group 
until a maximum is reached. The addition of hydro.x3d or carboxjd groups 
to the non-polar groups, with the consequent increase in polaritj’ of the 
group, reduces the effect of any given anion. 



Fig. 4. The effect of variation in the ionic strength on the Btabilization produced 
by phenyl acetate. Ionic strength maintained at 0.30 by additions of XaCI (Curve 
1); constant amount of 0.35 m XaCl (Curve 2); phenyl acetate alone (Curve 3). 

Variations in Ionic Strength and Albtimin Concentration — In the pre- 
ceding experiments the ionic strength of the solutions increased %vith in- 
creasing concentrations of the sodium salts of the anions. However, the 
ionic strength' is not an important factor in determining the degree of 
stabilization. In Fig, 4 are shot\Ti results of experiments with increasing 
concentrations of phenyl acetate ^rith the ionic strength maintained con- 
stant at 0.30 by NaCl additions (Cur\'e I); the presence of a coastant 
amount, 0.15 m, of NaCl (Cun^e 2); and, no additions other than phenyl 
acetate (Cur\'e 3). These results show that at low concentrations of 
phenyl acetate, the effects of chloride and phenyl acetate were additive. 
As the phenyl acetate concentration increased, the effect of chloride dis- 
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appeared, and with concentrations above about 0.12 m the cloud point 
temperature was determined only by the concentration of phenyl acetate, 
and was independent of the amount of sodium chloride. 

The cloud point temperatures of albumin solutions decrease with in- 
crease in protein concentration (1); hence it was of interest to detennine 
the effect of fatty acid salts at different albumin concentrations. Results 
obtained with crystalline human albumin solutions, given in Fig. 5, show 



Fig. 6. The effect of variation in the albumin and the fatty acid anion concentra* 
tion on the cloud point temperature. The solid curves sliow the cloud point tempera- 
tures at the albumin concentrations indicated. The dotted lines show the effect of 
dilution of a given solution with water, thus maintaining a constant mole ratio of 
stabilizer to albumin. 

that at the concentrations of albumin studied the fatty acid salts have 
the expected marked stabilizing effect. The curves obtained ^vith a con- 
stant ratio of stabilizer to albumin represent the summation of the opposing 
effects of decreasing both the albumin and fatty acid concentrations. 
Calculated curves approximating the experimental curves were obtained 
by algebraic addition of the changes in the cloud point temperature result- 
ing from the reduction of albumin concentration, with the salt constant at 
0.3 .M and the cliangos produced b 3 '’ reduction of the fatt}^ acid salt concen- 
tration with albumin constant at 25 gm. per cent. This interpretation also 
explains the constant mole ratio curves previously presented (1). 
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Effccl of Caprylate at High pH — The amount of bound capn'latc de- 
creases ^^th increase in the pH of an albumin-capn'Iate mixture.* 
Determinations of the cloud point temperatures of solutions containing 
5 gm. per cent of bo\dne albumin in the presence and absence of caprrlate, 
and with increasing amounts of sodium hydroxide added are showm in 
Fig. 6. The similarity of the cloud point temperatures of the tAvo solutions 
at the high pH value is probabl 3 ^ due to the decrease in the amount of 



Fig 6. The effect of increase in pH on the stabilization produced capr>late 
The cloud points were obtained ^ith solutions containing 5 gm per cent of bovine 
albumin to which increasing amounts of XaOH had been added The pH of the sol- 
utions was 6 8, 8 1, 10 3, and 10 8 with the addition of 0 01, 0 02, 0 03, and 0 04 m Xa"^ 
as XaOH At higher concentrations of XaOH, the solutions formed clear gels when 
heated 

bound caprjiate, as w ell as to the effect of the alkali on the coagulation of 
the albumin.® 

Limitations of Cloud Point Method — The principal \alue of the cloud 
point method has l>een in comparative btudies of the cfTcct.s of \arious 

® This conclusion is based on the assumption that the amount of capr\ late bound at 
cloud point temperatures is the same as that bound at room temperature This as- 
sumption appears justified because the amount of bound caprjiatc doe^ not clisnge 
between 0-50° (Bo 3 cr, Ballou, and Luck, unpublished data) 
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substances on the thermal stability of albumin solutions under well defined 
conditions and as a convenient, rapid method for evaluation of the relative 
stability of different albumin solutions. Theoretical conclusions which 
can be made from cloud point data are definitely limited. For example, 
a variation in crystalline albumin concentration from 20 to 30 gm. per cent 
changed the cloud point time at constant temperature from 170 to 18 
seconds. If the reciprocal of the cloud point time is assumed to be directly 
proportional to the velocity of the reaction, then an order for the denatura- 
tion reaction can be calculated. However, such calculations give the 
anomalous value of a fifth or sixth order reaction. Likewise, the energy 
of activation for the denaturation-coagulation reaction can be calculated 
if the velocity constant is assumed to be proportional to the reciprocal of 
the cloud point time. As shown previously (1), the calculated values 
exhibit mai’ked variations with the nature of the substance added and A\ath 
the protein concentration, as well as the expected variations with pH. 
That such values are open to question is further shown by the variation in 
the slope of the straight line obtained from a plot of the log of the cloud 
point time against concentration of added salt. For example, with phenyl 
acetate irregular variations of slope ranging from — 0.55 to *- 0,90 were noted 
uith seventeen different concentrations of phenyl acetate ranging from 
0 to 0.30 M. The inadequacy for kinetic studies of methods based on 
flocculation of proteins has been pointed out by other investigators (11). 

Nephelometric Measurement of Siahilizaiion — The protection from heat 
denaturation afforded by the addition of low concentrations of various 
substances may also be measured by nephelometry.* The effects of various 
mole ratios of caprylate, mandelate, or laurate to albumin on the stability 
of 25 gm. per cent solutions of human senim albumin at 57° are shown in 
Fig. 7. Caprylate and laurate have about the same effect, and show a 
detectable stabilization when present in a concentration of only 1 molecule 
for every 4 albumin molecules. At a 1 : 1 ratio, caprylate produces definite 
stabilization, and is about 4 times as effective os mandelate. The re- 
markable effect of low concentrations was also shown by the cloud point 
studies. Addition of sufficient caprylate to give a caprylate to albumin 
ratio of 1:1 increased the cloud point time at constant temperature by 
about 10-fold. 

In previous studies of nephelometric stability at 50° and 57°, caprylate 
and caproate in concentrations of 0.15 m did not always exhibit the sta- 
bilization which was expected on the basis of cloud point results (1). 
These rather anomalous findings are now known to have resulted from the 
presence of very small amounts of proteins other than native albumin 
which were flocculated by the relatively high concentrations of the fatty 
acid salts. If these impurities were removed by heating the solution for 
a short time in the presence of low concentrations of the fatty acids, 




Fig. 8. Stabilization of 25 gm. per cent of human scrum albumin solutions at ot ° 


followed by filtration, the resulting products possessed high nephelometric 
stability. Typical results of the stabilization of a preparation which did 
not contain impurities readily flocculated are shown in Fig. 8. Prolonged 
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studies at 57^ luvcaled that the fatty acid salts increase in protective 
properties with increase in chain length. Comparisons of the stabilizing 
properties at 50^^ were limited l)ccausc of the long time period required. 
Results of a study extending over a period of 20 months are given in Table 1. 
The values represent time for gel formation rather than time to reach a 
certain nephelometric reading, because some of the samples formed gels 
without showing high nephelometric readings. Stabilization by the fatty 
acid salts at 50° is clearly evident, although the relative life spans of the 
solutions at 50° are not as widely different as at cloud point temperatures; 
for example, the 65° cloud point time (1) of scium albumin in 0.15 m NaCl 
was 63 seconds, while in 0.025 m sodium caproate it would appear to be 

Table I 

Stability of AlbuJtiin Sohitions at 50° 


All samples contained 25 gm. per cent of amorphous human serum albumin and 
0.15 M sodium chloride, and were stored in an air oven at 50° until the solution formed 
a gel. 


Salt added 

30 see. cloud point 
temperature 

Mos. at 50® for gel 
formation 

Appearance of gel 

None 

63.1 

CO 

Opaque 

0.15 M NaCl 

65. 4 

7 

it 

0.025 M Na caprpatc 

70.6 

13 

Cloudy 

0.025 “ phenyl butyrate — 

72.6 


Nearly opaque 

0.15 ** “ butyrate 

71.7 

16 

it it 

0.05 “ phenyl acetate 

72.7 

16 

Partly cloudy 

0.025 ** ** caprylate 

73.5 

18 

Nearly clear 

0.15 ** ** phenyl acetate 

76.0 

20 

(( it 

0.15 ** ” phenyl butyrate . . . 

81.5 

20 

1 

it it 


even greater than 20,000 seconds. The corresponding 50° stability values 
were 7 and 13 months respectively. 

Viscomdric Measuremeni of Stabilization — In order to ascertain whether 
changes which did not produce light scattering took place in the albumin 
molecule when solutions were heated in the presence of fatty acid salts, 
viscosity measurements were made on the heated solutions. Viscometric 
measurements of the stability of serum albumin in the presence of sodium 
chloride have been reported by Scatchard d al, (2). Cooper and Neurath 
(12) and Pedei*sen (13) have shown that heat treatment of crystalline 
home scrum albumin solutions results in an aggregation of the albumin 
and an increase in viscosity. 

In our studies, viscosity measurements were made at the temperature 
of denaturation to eliminate any effects of subsequent cooling of the solii- 
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lion. The viscosity increase that resulted ^vhen solutions contaiiung 25, 
20, and 15 gm. per cent of amorphous bovine albumin were heated at 57° 
is shonm in Fig. 9. The relative viscosities of the'solutions at zero time 
were ascertained by measurement at 50°, a temperature at which viscosity 
increase would occur onlj^ after prolonged periods. The pronounce^ 
effect of protein concentration is clearly evident. The addition of 0.025 m 
caprylate prevented any \Tscosity increase during the 24 hour period of 
measurement. Thus capiylate prevents changes in the albumin molecule 
which give rise to change in viscosity. These results indicate that capo’iate 
stabilizes albumin in the native state, rather than prevents the aggregation 



Fig. 9. Viscosity of concentrated scrum albumin solutions 


of the heated albumin into light-scattering particles. These conclusions 
were substantiated by experiments at lower protein concentrations. 
Results of \’iscosity measurements with 2 gm. per cent of bo\'ine albumin 
at 80° are shown in Fig. 10. In the absence of salt, the viscosity increased 
sharply, then reached a plateau. Additions of 0.05 m IsaCl promoted 
aggregation of the heated albumin, nith a resultant very rapid increase in 
viscosity. Addition of 0.05 M caproate decreased the rate of wcositj" 
increase, although after 30 minutes the ^•iscosity did rise above that of 
the sample with no addition, presumably because of the effect of increased 
ionic strength. Addition of 0.15 m caproate was sufficient to prevent any 
viscosity increase for a 90 minute period at least . At a temperature of 70°, 
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the results ^^•cre similar to those ut 80°, exccjit that at the lower temperature 
0.05 M caproatc was sufficient to prevent any viscosity increase. 

Previous observations (14) on the rate of enzyme digestion of albumin 
solutions with and without added caprylatc likewise lead to the conclusion 
that the caprylate stabilizes the native albumin molecule. This conclusion 
is also in harmony with the cloud point and nephelometnc studies, in that 
the same visible changes which occur readily in the absence of stabilizers 
occur after a much longer period in the presence of stabilizing agents. 
The possibility that the fatty acids might stabilize either native or de- 



10. Viscosity of 2 per cent bovino scrum iilbuinin iit 80° 


natured albumin was previously recognized (1). In view of these later 
findings, it is probable that the fatty acid salts stabilize the native albumin. 

Preliminary Experiments mth Other Proteins — It is of obvious interest 
to determine whether the substances which protect albumin from de- 
naturation also iircvent the heat denaturation of other proteins. Pre- 
liminary experiments show that this type of stabilization is not a general 
phenomenon. Cloud point detenninations with solutions of approximately 
12 gm. per cent of ciystalline egg albumin showed an increased cloud point 
temperature with 0.01 to 0.05 m capiylate. However, unlike that in serum 
albumin, the increase in cloud point temperature increases with time after 
mixing the capiylate and egg albumin solutions. The thermal stability 
of solutions of 10 to 20 gm. per cent of serum y-globulin, iis measured by 
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the time for gel formation, is decreased by the addition of caprylate or 
mandelate. Diphtheria toxin, diphtheria antitoxin, and papain are also 
rendered more heat-labile by caprylate. Further studies with other 
proteins are planned. 

Mode of Aclion of Slahilizing Subslances — ^The preceding experiments 
serve to define the properties of compounds that increase the stability of 
serum albumin against heat denaturation. Any discussion of the mode 
of action of these compounds is somewhat speculative, because the intra- 
molecular changes which occur in denaturation arc inadequatelj' under- 
stood. 

Measurements of the electrophoretic mobility of albumin-fatty acid 
systems at constant pH and ionic strength demonstrated that the mobility, 
and hence in all probability the extent of association, increases ndth in- 
crease in the chain length of the fatt 3 ^ acid anion (15). Data discussed in 
preceding sections of the present paper show that the increased stability 
is not a function of the increase in net charge on the albumin molecule. 

Quantitative measurements of the amount of bound fatty acid anion 
have been made hy ultrafiltration.^ This quantitative stud^' shows 
an increase in the amount bound vdih increase in the chain length of the 
fatty acid, and shows also that the combination is dependent upon the 
presence of positively charged groups in the albumin molecule. Fatty 
acid anions, formaldehj'^de, and a high concentration of In'droxyl ion all 
increase the cloud point temperature, and also all react ^^th the positive^ 
charged groups of the albumin. Thus it appeal’s probable that certain 
of the positivelj’^ charged groups arc involved in the stabilization of the 
heated albumin. 

Furthermore, the data show that the degree of stabilization is not de- 
pendent only on the amount of bound anion. AVith incrca.«c in chain length 
of the fatty acid, a smaller amount of the fatty acid has to be bound to 
produce the same .stabilizing effect. That this effect docs not result 
piimarily from increase in the size of the molecule is evident from data 
which show that although acetyl ti^qitophanate is a larger molecule than 
caprylate it is less effective on the basis of the amount bound. These 
results stress the importance of both the non-polar portion of the molecule, 
upon which the magnitude of the effect of a bound molecule depends, and 
the negatively charged group, which combines with the positively charged 
groups of the albumin molecule. The non-polar portions of fatty acids 
are knoum to associate to form colloidal micelles (16), and it is possible 
that similar attractive forces may e.xist between non-polar groups of the 
albumin molecule and the hy^drocarbon chain of the fattj" acid. Thus it 
seems probable that the stabilization is the result of the attraction of differ- 
ent groups of the albumin molecule for both the polar and non-polar por- 
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tions of the fatty acid anions. A tenable conclusion is that this attraction 
of a single fatty acid molecule for different groups of the protein may aid 
in preventing the separation of adjacent chains or layers of the albumin 
molecule, and thus may prevent an ‘^opening out” or extension of the mol- 
ecule and thereby effect a stabilization against heat denaturation. Since 
remarkably low ratios of caprylate to albumin will effect a considerable 
stabilization, it is apparent that, certain selected areas or groups play an 
essential r61e in the mechanism involved. 

SUMMARY 

1 . Studies have been made of the increased thermal stability of human 
and bovine serum albumin that results from combination* of the albumin 
with fatty acids and related compounds, by means of “cloud point,” 
nephelometric, and viscometric methods. 

2. The protective action of the fatty acid anions, as measured by the 
cloud point method, increases with increase in chain length of the fatty 
acids up to 12 carbon atoms when low concentrations are present, but the 
maximum stabilization at higher concentrations is pro'duced by the C 7 and 
Cg acids. 

3. Experiments with forty derivatives of carboxylic, sulfonic, sulfuric, 
and phosphoric acids which contained non-polar groups and with twenty- 
three compounds of other types lead to the conclusion that the basic re- 
quisite structure for stabilizing properties is an anion with a non-polar 
group attached. The dissociation constant of the acid derived from the 
anion is not a primary factor in determining the amount of stabilization. 

4. Additions of carboxyl or hydroxyl groups to the non-polar group 
decrease the effectiveness of a given anion. 

5. The protective action of the fatty acid anions is evident at albumin 
concentrations from 2.5 to 25 gm. per cent, and, in the presence of relatively 
high concentrations of stabilizing anions, is independent of the ionic 
strength. 

6 . The compounds are effective both at neutrality and on the acid side 
of the isoelectric point of serum albumin. 

7. In contrast to the behavior of anions, cations with non-polar groups 
make the albumin more susceptible to heat denaturation. 

8 . Nephelometric studies at 50° and 57° demonstrated that low con- ^ 
centrations of the stabilizes are effective for long periods of time. Both 
nephelometric and cloud point data showed that remarkably low ratios of 
fatty acid anions to albumin result in marked stabilization. 

9. Viscometric studies showed thar the fatty acids prevent viscosity 
increases in heated solutions. These results, and previous data on enzyme 
digestion, demonstrate that the fatty acids stabilize native and not de- 
natured albumin. 
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10. Preliniinaiy experiments with several other proteins show* that this 
type of stabilization is by no means a general phenomenon. 

11. On the basis of these and other studies the possible mode of action 
of the stabilizers is discussed and it is concluded that the stabilization is 
the result of association of both the polar and non-polar portions of the 
anion with certain groups of the albumin molecule in its native state. 

We wish to thank Dr. Eaton !M. !MacKay of the Scripps ]\Ietabolic 
Clinic for jS-hydroxybutjTic acid; Dr. A. W. Ralston of the Armour Lab- 
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Harm of the National Institute of Health, Bethesda, Maryiand, for samples 
of D-marmoheptose, marmoheptulose, and perseulose; Professor L. F. 
Fieser of Harv'ard Univei'sity and Dr. C. F. H. Allen of the Eastman Kodak 
Company for samples of y-phenylbutj’ric acid; Dr. Oliver Kamm of Parke, 
Davis and Company for a sample of phemerol; and the Winthrop Chemical 
Companj', Inc., for samples of rivanol, acrifla^ine, and zephiran. Dr. 
Eveljm !McBain of Stanford University provided us with several samples 
of alkylsulfonic acids, and Dr. Carl Noller with several fatty acids. The 
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II. STABILIZATION AGAINST UREA AND GUANIDINE DENATURATION 
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{From the Biochemical Laboratory^ Department of Chemistry, 

Stanford University, California) 

(Received for publication, October 6, 1945) 

Serum albumin in common with other proteins is readily denatured hy 
high concentrations of urea or of guanidine salts (1-3). Various inorganic 
ions have been shown to influence the extent of this denaturation. Green- 
stein (4) found that the effect of various guanidine salts was greatlj' influ- 
enced hy the nature of the anion, Burk (5) has studied in detail the influ- 
ence of various inorganic electrolytes on the liberation of sulfhydryl groups 
by urea. Recent experiments which demonstrated that anions with non- 
polar groups protect albumin from heat denaturation (6, 7) engendered 
an interest in the effect of these compounds upon urea denaturation. 
Studies by Rice et al. (8) on the papain digestion of denatured albumin 
show’ed that the addition of caprylate to the albumin before the addition 
of the urea markedly reduced the subsequent rate of enzyme digestion, 
thus indicating that capiylate had a protective action against urea de- 
naturation. In the present studies, viscosity measurements wrere used 
as the criterion of the extent of the denaturation, because denaturation of 
senun albumin by" urea or by guanidine is knowm to result in a large ^^scosit^' 
increase (1, 2). The results of these experiments have showm that low* 
concentrations of fatty acid salts have a pronounced protective effect 
against urea denaturation, A preliminary report of these studies has 
been published recently (9). 


EXPEIUMEXTAIi 

The serum albumin samples used were the same as those employed in 
previous studies (6, 7). The 7-globulin was prepared by the plasma frac- 
tionation procedure developed by the Department of Phy^sical Chemistry", 
Har\’ard Medical School, and obtained by" courtesy" of Professor E. J. 
Cohn and the Cutter Laboratories. The urea and the guanidine hydro- 
chloride were recry"stallized before use. The various solutions used for 
the ^iscosity determinations were at pH 7.5 to 8.0. Viscosity measure- 
ments were made at 30° viz 0.01°, by use of Ostwald viscometers with water 
times of 60 to 70 seconds. The viscometers were thoroughly" cleaned with 
dichromate cleaning solution and w’ere dried with the aid of redistilled 
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acetone after every deleiTnination. The relative viscosities Averc calculated 
by comparison of the Amadous solutions containing the albumin Anth solu- 
tions containing no albumin but otlicrwise of the same composition. 

RESULTS AND DISCUSSION 

Effect of Caprylaic Concentration — The influence of caprylate concentra- 
tion on the viscosity of serum albumin solutions in 6 m urea is shown in 
Fig. 1. These results shoAV clearly'' that caprylate has a marked protecti\T 



Fig. 1. The influence of caprylate on the urea denaturation of human scrum al- 
bumin. All solutions contained 6 m urea, 0.10 m NaCl, and 2 gm. per cent of human 
serum albumin. For Curves 1 and 3, the albumin containing the caprylate was added 
to the urea solution, and the viscosities were determined after 15 minutes and 24 hours 
respectively. For Curves 2 and 4, the albumin was added to the urea solution 15 
minutes prior to the caprylate, and the viscosities were determined 15 minutes and 
24 hours after addition of the caprylate. 

action against the urea denaturation of serum albumin. In these and 
other similar experiments, Avhen the caprylate AA^as added before the urea, 
caprylate concentrations of 0.005 m largely prevented the Auscosity in- 
crease; concentrations of caprylate of 0.010 m Avere ahvays sufficient for 
maximum effect in the urea denaturation experiments. Addition of 
caprylate after the albumin had been in the urea solution for 15 minutes 
resulted in a partial return of the viscosity to that of the solution in Avhich 
the caprjdate Avas added prior to the urea. Data to be presented later 
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(Fig. 4) show that the amount of this “regeneration” is dependent upon 
the time of exposure of the albumin to the high urea concentration. 

The action of the capi^date was complete within a short period after its 
addition. As is sho^\’n in Fig, 1, when caprylate was present in sufficient 
amount for maximum effect, little or no viscosity change occun’ed between 
the 15 minute and 24 hour measurements. AMien the capiylate was not 
present in a concentration sufficient for maximum effect, a further viscosity 
increase, characteristic of the urea denaturation in the absence of caprylate, 
occurred between the 15 minute and the 24 hour measurements. 



Fig, 2. The influence of various fatty acid anions on the urea denaturation of bo- 
vine serum albumin. All solutions contained 6 m urea, 0.10 si NaCl, and 2 gm. per 
cent of crystalline bovine albumin. Viscosity measurements were made 24 hours 
after addition of the fatty acid and the albumin to the urea. 

Influence of Other Fatty Acid Salts — The thermal stabilization of albumin 
by fatty acid salts increases with the chain length of the fatt 3 " acid (6, 7). 
A similar effect of chain length was found in urea denaturation experiments, 
the results of which are sho^^^l in Fig. 2. Wlien caprj’late or caprate was 
present in concentrations sufficient for maximum effect, the viscosity in 
the presence of caprate was slightl 3 ' lower than that in the presence of 
caprylate. This small difference ma 3 ' have been due to a slighth' decreased 
extension of the molecule, or to a decreased solvation of the albumin mole- 
cule in the presence of the caprate, or to a combination of these two effects. 

The variation in stabilization with increase in chain length is greater 
than the variation in the amount of fatty acid anion bound to the albumin, 
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as measured by ultrafiltration.^ For example, 0.0015 m caprylatehad about 
tlie same effect in these viscosity experiments as 0.010 m caproate. How- 
e^'er, at these concentrations there were about 2 to 3 times as much caproate 
bound, Similar]^^ on a concentration basis about L5 times moi*e bound 
caprylate than bound caprate were required to produce the same effect. 
These results are comparable to similar relationships noted in heat de- 
naturation studies (7). 



Fig. 3. Relative viscosities of solutions containing different concentrations of 
human serum albumin in water and 6 m urea. All solutions contained 0.10 M NaCl. 
Curve 1, albumin in 6 m urea for 2 hours; Curve 2, albumin in 6 m urea for 2 hours, and 
then sodium caprylate was added to give 0.020 m caprylate; Curve 3, albumin and 
0.020 M caprylate in 6 m urea for 2 hours (caprylate and albumin mixed before addition 
to the urea); Curve 4, albumin in water. 

]^ariation in Albumm Conccniraiion — In order to determine the weight 
intrinsic viscosities of the urea-denatured albumin under different con- 
ditions, viscosity measui’ements were made at albumin concentrations of 
0 to 2 gm. per cent. The results of these measurements are shoAvn in Fig- 
3. The high weight intrinsic viscosity of albumin noted in the urea 
solution (11.2) is attributable to an unfolding of the molecule with the 
consequent increase in axial ratio (2, 10, 11). That the viscosity changes 
ui'c not due to aggregation is evident, since albumin remains monodispersc 
and, in addition, does not change in molecular weight u'hen denatured by 
uvea (12). 

' Boyer, P. D., Ballou, G. A., and Luck, J. ISI., unpublished. 
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The small difference in the weight intrinsic \iscosities of the albumin 
in water and the albumin in 6 m urea containing 0.02 m caprylate (4.4 and 
5.2 respectively) can be attributed either to a shght e-\tension of the mole- 
cule or to a solvation of the molecule by about 0.18 to 0.27 gm. of urea per 
gm. of albumin. If this amount of solvation is assumed, then it may be 
concluded that the capr34ate prevents any unfolding of the native molecule. 

Variation in Time of Caprylate Addition — As noted above, addition of 
caprylate to albumin solutions after denaturation by urea resulted in a 



Fig. 4. Viscosity decrease produced by caprylate after exposure of albumin to urea 
for various time intervals. To solutions of human serum albumin in 6.5 5 i urea, suf- 
ficient water or sodium capr>‘late solution was added at various time intervals to give 
a solution containing 1.0 gm, per cent of albumin, 0.10 m NaCl, with or without 0.020 
M caprylate. 


decrease in the 'sriscositj' of the solution. The effect of addition of either 
water or a dilute solution of sodium capiyriate to albumin at various in- 
terx'als after the addition of the albumin to the urea is shown in Ilg. 4. 
The initial marked increase in viscosity noted in the absence of capiydate 
occurred very’ rapidlj\ This initial high xiscosity was e\’ident even when 
measurements were made as soon as possible after addition of the albumin. 
This initial rapid rise was followed by a more gradual, less pronounced, 
viscosity increase during the ne.xt 24 hours. IlMien capiydate was addefl 
after the albumin had been in the urea solution for 5 minutes, 92 per rent 
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of the increase in the relative viscosity was removed by the caprylate. 
Increase in the time of exposure of tlie albumin to the urea resulted in a 
progressive decrease in the effectiveness of the caprylate. After 24 houK 
only 13 per cent of the viscosity increase was removed by addition of 
caprylate. These results offer an explanation for the observed differences 
in rate of enzyme digestion of urea-treated serum albumin when the 
caprylate was added with the albumin or 24 hours after the albumin. 

When the caprylate was added as soon as possible after the addition of 
the albumin, or if the caprylate was added to the urea solution before the 
albumin, the resulting viscosity was the same as when the caprylate and the 
albumin were mixed before addition to the urea. These data indicate that 
the combination of the caprylate with the albumin, which enables the 
albumin to resist urea denaturation, takes place very rapidly. 

The above results demonstrate that the urea denaturation probably 
occurs in two stages or steps. The observations of Lundgren and Williams 
(13, 14) are clearly relevant. The initial change or unfolding of the 
molecule is very rapid, and the extended molecule which results can be 
refolded to a large extent by the addition of caprylate. A second much 
slower change takes place, which modifies the molecule in such a manner 
that addition of caprylate results in only a small decrease in viscosity. 
Whether the albumin molecules, refolded by the jirompt addition of 
caprylate, have the same spatial configuration as the native molecules 
cannot be adduced from the present data. Likewise, further studies are 
necessary to ascertain whether the molecule refolded by the addition of 
capiylate immediately after the addition of the albumin has the same 
physical properties as the original molecule. When tlie albumin is “re- 
generated’* b}'' removal of the urea, the resulting molecule apparently has 
slightly different physical projiertics. 

Dcriaiuraiion of y-Globiilm by Urea — Solutions of serum globulin, like 
those of albumin, exhibit a marked viscosity increase when the globulin 
is denatured by urea (15). In contrast to the behavior of the albumin, 
solutions of 2 gin. per cent of 7-globulin in 6 m urea were not protected from 
denaturation by the presence of 0.0025 to 0.10 m caprylate. This ob- 
servation is in harmony with the lack of effect of caprylate on the heat 
coagulation of 7-globulin (7). 

Inflxicnco of Caprylate on Denaltiraiion by Guanidine — The denaturation 
of serum albumin by guanidine hydrochloride was not as readily prevented 
by caprylate as was the urea denaturation. A G m guanidine hydrochloride 
solution produced a much greater viscosity increase than did a comparable 
urea solution. These results are in accordance with earlier observations 
that guanidine hydrochloride is a more powerful denaturing agent than 
urea (10). When 6 m guanidine hydi'ochloride solutions were used, capryl- 
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ate in concentrations up to 0.10 m had no protective action. As the guani- 
dine concentration was decreased, the effect of capr^date became manifest. 
A 2.5 M guanidine hydrochloride solution produced about the same \ds- 
cosity increase as G urea, and at this guanidine concentration caprjdate 
had a pronounced stabilizing effect, as is shoum hy the data given in Fig. 
5. These results differ from those obtained with urea in that relatively 
high concentrations of capr>date were less effective than lower concentra- 
tions, an obser\"ation that is not readily explainable, and also in that the 



Fig. 5. The influence of caprj’late on the denaturation of human serum albumin 
by guanidine hydrochloride. All solutions contained 2.5 m guanidine hydrochloride 
and 2 gm. per cent of albumin, Cur\’e3 1 and 2 represent respectively the relative 
viscosities 24 hours and 15 minutes after addition of the albumin. 

concentration of caprylate necessary" for maximum effect was greater in 
the guanidine experiments. 

Comparison of Action of Caprylate and Sulfate — This comparison was 
made because Burk found sulfate to be one of the most effective inorganic 
ions for the prevention of urea denaturation (o), and Greenstein noted 
that guanidine sulfate had less denaturing effect than other guanidine 
salts (4). The results of measurements of the viscosity of solutions con- 
taining 2 gm. per cent of albumin, 2.5 M guanidine hydrochloride, and vari- 
able amounts of sodium sulfate are presented in Fig. G. These results 
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show tliat the sodium sulfate had a protective effect against the viscosity 
increase otherwise produced, but that the amount of sulfate required for 
maximum effect was over 20 times as great as the amount of caprylate 
required. 

Mode of Action of Slahilizing Substances — Only relatively low concentra- 
tions of caprylate are necessary to protect senim albumin against urea 
denaturation. In addition^ as measured by ultrafiltration studies, only 
part of the caprylate present is bound to the albumin.^ The effectiveness 



Pig. 6 . The influence of sodium sulfate on the dcnaturalion of human serum al- 
bumin by guanidine hydrochloride. AH solutions contained 2.5 M guanidine hydro- 
chloride and 2 gm. per cent of albumin. Curves 1 and 2 represent respectively the 
relative viscosities 24 hours and 15 minutes after addition of the albumin. 

of such low concentrations demonstrates that, as with heat denaturation, 
combination of the fatt 3 '’ acid anions with certain specific groups or areas 
of the albumin molecule renders the molecule more resistant to urea de- 
naturation. As previous^" mentioned (9), the effectiveness of small con- 
ccnti'ations of capiylate against both heat and urea denaturation suggests 
tliat caprylate inhibits the same initial changes in both types of denatura- 
tion. Subsequent changes ai’c obviously not the same, since the heated 
albumin aggregates, while the urea-denatured albumin remains mono- 
disperse. The possible mechanisms of action, discussed in the paper on 
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heat denaturation (7), are probably also applicable to the experiments on 
urea denaturation. 

If the mechanism of action of the sulfate ions and of the fatty acid 
anions is the same, then the effect probably depends only upon attraction 
for or association with certain positive groups of the albumin (16). How- 
ever, since with increase in chain length of the fatty acid a smaller amount 
of bound fatty acid is necessary to produce a given effect, it is apparent 
that the non-polar portion of the fatt3’' acid anion must also have some 
function in the stabilization against urea denaturation. 

smuL\RT 

1. Studies have been made of the influence of fatty acid salts on the 
denaturation of human and bovine serum albumin by urea or guanidine 
hj’^drochloride, viscosity increase being used as the criterion of denaturation. 

2. Low concentrations of fatty acid salts prevented the viscosity in- 
crease which otherwise resulted when the albumin was dissolved in G m 
urea. 

3. The effect of the fatty acid anions increased with the chain length, 
and the increase in stabilizing properties was greater than the increase in 
the amount of bound fatty acid. 

4. Concentrations of fatty acid salts sufficient for maximum effect 
resulted in a weight intrinsic viscosity for the albumin slightly greater 
than that of the albumin dissolved in water. This difference ma}’^ have 
been due to a slight extension of the molecule in the presence of the urea, 
or to a solvation of the albumin by the urea, or to a combination of these 
effects. 

5. Addition of capiylate to albumin solutions previously denatured by 
6 M urea resulted in a prompt, pronounced viscosity decrease. The extent 
of this refolding of the extended molecule decreased with the time of ex- 
posure to the urea. These results indicate that the denaturation of the 
serum albumin by caprjdate occurs in two stages, and that the initial rapid 
unfolding which occurs is readily prevented or reversed b^^ caprjdate. 

6. In contrast to the behavior of serum albumin, serum 7-globuhn was 
not protected from urea denaturation by the addition of capiylate. 

7. Caprylate also prevented the viscosity increase which otherwise 
occurred when the albumin was dissolved in 2.5 m guanidine hydrochloride, 
but had no stabilizing effect when 6 m guanidine hydrochloride was used. 
Sodium sulfate likewise prevented the denaturation by' 2.5 M guamdine 
hydrochloride, but when compared on a concentration basis was roughty 
only about one-twentieth as effective as caprylate. 

8. The data indicate that the action of the fatty acid anions is due to 
their combination vrith certain groups or areas of the albumin molecule, 



208 


FATTY ACIDS AND SERUM ALBUMIN. II 


and that the effect is probably the result of combination of the anion with 
both the positive groups and the non-polar portions of the albumin. 

The work described in this paper was done under a contract, recom- 
mended by the Committee on Medical Research, between the Office of 
Scientific Research and Development and Stanford University. ■ 
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(Received for publication, October 22, 1945) 

It has been reported by many investigators that a normal fasted animal 
exposed to low oxygen tension will increase its carbohydrate stores over 
the fasting values at sea level (1-6). The source of this increased carbo- 
hydrate appears to be protein, and the stimulus to glyconeogenesis may 
be through the adrenal cortex or the pituitary gland. 

RiboflaAun has been shown to be related to both carbohydrate (7, 8) 
and protein (&-12) metabolism, and there is conflicting evidence that the 
adrenal cortex may or ma,y not be related to the phosphorylation of ribo- 
flavin (13-15). This substance, because of its relation to carbohydrate 
and protein metabolism, maj^ be a necessary component of the carbo- 
hydrate or protein sj’stems that are stimulated by low oxygen tension. 
Thus, a riboflavin-deficient animal might be unable to respond to anoxic 
anoxia as a normal animal does; that is, by increasing its total carbohj'drate 
levels. If the deficient animals do not respond normally to low oxygen 
tension, this failure might be due not only to the derangement of the 
oridase ^’stem but also to the diminished food intake which accompanies 
the de^ciency, or to some pennanent structural change brought about by 
the deficiency state. 

The problem of the relation of riboflavin to the carbohydrate metabolism 
that is stimulated by low oxygen tension was studied by comparing the 
tissue carbohydrate levels in normal, ribofia\Tn-deficient, and pair-fed rats 
held at atmospheric and reduced pressure for a 24 hour test period. 

Male and female rats of the Long-Evans-Wistar strain, weighing 37 to 
45 gm., were placed on a riboflavin-deficient diet for a period of from 4 to 
6 weeks, or xmtil their depletion was indicated b 3 ’ a weight plateau for 4 
to 5 daj’s or a weight loss of 5 to 6 gm. The composition of the diet was 
vitamin-free (Labco) casein 22.0, sucrose 66.5, hydrogenated cottonseed 
oil 9.0, salts (16) 2.5. The \itamin supplements in mg. per rat per daj' 
were thiamine hj’drochloride and p^Tidoxine hy’drochloride, each 0.02, 
calcium pantothenate and p-aminobenzotc acid, each 0.1, and choline and 
inositol, each 5.0. Mtamin A (143 i.u. dailj’) was supplied from gray^ 
fish oil, and \dtamin D (10 i.tj. daih’) as irradiated ergosterol. 1 ml. of 
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rice bran concentrate^ extracted with fullers’ earth (1 : 10 dilution) was pven 
three times a week.^ 

Three groups of rats were set up after the depletion period, and these 
groups further divided just prior to the 24 hour test period. These were 
(1) normal, receiving 0.01 mg. of riboflavin daily, (2) pair-fed, receiving 
the same amount of riboflavin but restricted to the quantity of basal diet 
eaten by the deficient rats, and (3) those receiving no riboflavin. The 
animals were maintained for 7 to 9 weeks after depletion on these diets. 

The test period consisted of a 24 hour fast at reduced or atmospheric 
pressure, after which the animals were killed and their liver glycogen, 
muscle glycogen, blood sugar, and liver riboflavin determined. During 
the 24 hour test period the rats received no food or water, these being re- 
moved at a uniform time before the exposure period. Sea level control 
groups were kept under the same conditions as the low pressure groups, 
except for the oxygen tension. During the anoxic period all animals were 
confined in individual, reclining, wide mouth glass jars, which had strips 
of wire screening for platforms, and which were sealed with canning lids 
and screw tops through which passed two metal tubes, one connecting 
with the air line and the other with the vacuum system. The jars were 
supported on a rack, and each series of jars was connected with a separate 
air and vacuum line. The pressure inside the jars was controlled by means 
of a needle valve inserted in the air and vacuum lines.^ The pressure used 
for these experiments was 349 mm. of Hg corresponding to 20,000 ft. of 
elevation, and an adequate air flow was provided. The pressure was 
lowered at the rate of 3000 ft. per minute. The temperature of the cham- 
ber in which the animals were kept was 23-24° and care was taken to main- 
tain this temperature in the room in which the animals were sacrificed. 

The riboflavin-deficient animals were divided into two groups just prior 
to the anoxia period. Each rat in one of these groups received an intraper- 
itoneal injection of 1 ml, of 0.9 per cent NaCl solution containing 0.1 mg. 
of riboflavin, just before being placed in the chamber. All the other de- 
ficient animals were injected with 1 ml. of 0.9 per cent NaCl by the same 
route. 

The animals sacrificed wer^ anesthetized wth sodium amytal by in- 
traperitoneal injection (140 mg. per MIo) and were imconscious within 3 
to 4 minutes. 

' This was the concentrate marketed under the name of Galen by the Galen 
Company, Inc., Berkeley, California. 

* The growth of animals during the first 2 weeks after weaning was 0.7 gm. daily 
per rat with the concentrate and 0.5 gm. daily without it. This additional growth 
may have been due to the slight amount of riboflavin that was present in the con- 
centrate (0.15 y per ml. as fed). 

* The apparatus was designed by V, V. Herring, Institute of Experimental Biology > 
University of California, Berkeley. 
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The left gastrocnemius was removed immediately and placed in cold 30 
per cent KOH for the determination of glycogen. The abdominal cavity 
was opened and blood removed from the inferior vena cava. Blood'pro- 
teins were precipitated immediately with CuSO^ and (17). The 

liver was then removed and placed in cold 30 per cent KOH in 50 ml. 
Pyrex centrifuge tubes, the tubes covered vith tin-foil, placed immediately 
in a boiling water bath, and left there for about 1 hour, after which they 
were cooled and weighed. The tubes containing muscle samples were 
weighed and then placed in the boiling water bath for 1 bom*. To pre- 
cipitate the glycogen 1 volume of water and 2 volumes of 95 per cent ethyl 
alcohol were added, the tubes were placed in the boiling water bath until 
the boiling point was reached, and were removed and replaced in the bath 
the second time. The glycogen tubes were then stored oveniight in the 
ice box. The next morning the glycogen was centrifuged, the supernatant 
liquid poured off, 1 n H 2SO4 added, the tubes covered again ^vith tin-foil, 
and the 2 to 3 hour hydrolysis begun. After hydrol^^is the tubes were 
stored overnight in the ice box. For the glucose determinations the con- 
tents of the tubes were transferred quantitatively to volumetric flasks, 
neutralized with 5 per cent KOH (phenol red), and made to volume. 2 
ml. aliquots were taken for the determination of reducing sugar. 

Glucose was determined by the method of Benedict (18). The color 
reagent used was prepared b}’' a slight modification of that described by 
Benedict (19) and all colorimetric readings were made on a Klett-Summer- 
son colorimeter, 

liver riboflavin was determined by the microbiological method of Snell 
and Strong (20). Extraction of tissue riboflavin vv^as accomplished by 
autoclaving the finely grmmd tissue in 0.04 n H 2SO4 at 15 pounds pressure 
for i hour, followed by digestion at pH 4.5 with 0.5 per cent clarase for 2 
hours at 50°. 


Results 

The data reported in this paper were obtained on rats fed a basal diet 
containing Labco casein, wMch contained 0.35 to 0.40 y of riboflavin per 
gm. as determined bj' microbiological assay.** The total amount of ribo- 
flavin that a rat ingesting 10 gm. of the diet would receiv^e was about 0.9 y, 
since in addition to the riboflavin of the basal diet the fullers’ earth-ex- 
tracted rice bran concentrate contained 0.15 y per ml. The rats e.vhibited 
severe riboflavin deficienc}^ symptoms, spectacled eyes, general alopeda, 
and comeal opacities. 

The four groups of carefully selected rats, matched as to sex, weight, and 

* The method adopted for preparation of the casein for assay included autoclaving 
I hour at 15 pounds pressure in 0.5 x HtSOi, addition of solid NaOH until flocculation 
occurred (about pH 2.4), and filtration, foIIoTrcd bj* neutralization of the filtrate. 
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litter, were designated as follows: (1) normal, those which had received the 
diet ad and 0.01 mg. of riboflavin daily; (2) deficient, those which 

had received the diet ad libitum but no riboflavin; (3) injected deficient, 
those treated identically with the deficient group but which had received 
one injection of 0.1 mg. of riboflavin immediately before entering the low 
pressure chambers; (4) pair-fed, those which had received only the amount 
of diet eaten by the deficient group but 0.01 mg. of riboflavin daily. 

All groups lost slightly more weight at low pressure than at sea level 
during the 24 hour fast, but the difference was significant only in the normal 
group. Deficient and injected deficient animals lost more weight at sea 
level than did the normal animals, but not more than did the pair-fed 
animals (Table I). 


Table I 

Average Weighty Daily Food Iniakef and Weight Loss during Si Hour Fast of Normal 

and Riboflavin-Deficient Rats 


Experimental group j 

No. of animals ^ 

Average weighty 

Daily food 
intake 

Weight loss 


1 




fter cent body 




grtt* 

zm. 

V}ei%hl 

Normal 

Sea level 

9 

196 

9 

5.5 ±0.4 


20,000 ft. 

8 

203 

9 

9.2 ±0.8 

Deficient 

Sea level 

8 

88 

5 

9.3 ± 1.2 


20,000 ft. 

10 

87 

5 

11.0 ±0.9 

Injected 

Sea level 

8 

87 

5 

9.3 ±1.0 

deficient 

20,000 ft. • 

9 

90 

5 

11.5 ±0.8 

Pair-fed 

Sea level 

8 

117 

: 5 

7.0±1.2 


20,000 ft. 

8 

I 120 

5 

S.S±0.4 


* Age, 14 to 18 weeks. 


Liver Riboflavin — The liver riboflavin of the deficient rats was lower 
than that of the normal, pair-fed, and injected deficient groups. The 
injected rats had higher liver riboflavin than did the deficient group, evi- 
dently being able to store some of the injected riboflavin. There was no 
difference between sea level and low pressure groups, except in the pair- 
fed animals, which had slightly lower liver riboflavin at reduced than at 
atmospheric pressure (Fig. 1). The normal group also exhibited tliis 
tendency. 

Blood Sxigar — Riboflavin deficiency produced lower than normal fasting 
blood sugar levels (Table II, Fig. 2). This has also been reported by 
Axelrod, Lipton, and Elvehjem (21) in riboflavin-deficient dogs. The 
low blood sugar was apparently not due to inanition, as the pair-fed con- 
trols had normal levels. The injection of one dose of 0.1 mg. of riboflavin 
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Fig. 1. Riboflavin content of livers of normal and riboflavin -deficient rats at 
sea level and exposed to anoxia (20,000 ft, altitude) for 24 hours. Each bar represents 
the liver riboflavin of a single animal. Group 1 , riboflavin -deficient but injected with 
0.01 mg. of riboflavin Just before exposure; Group 2, ribofla vin -deficient ; Group 3, 
normal, fed ad libitum; Group 4, normal but restricted to food intake of the deficient 
group. 


Table II 


Effect of Anoxic Anoxia on Carbohydrate Levels of Fasting Normal and Ribofiavin- 

Deficieni Rats 


Experijnenta.1 jroup 

Liver flycogra 

Mtude glycogtn 

^Bi 

Liver riboSivia 

Xo. of 
ani- 
mal-s 


Xo of 
am- 


Xo. of 
ani- 

lllll 

Xo, of 

arri- 

cah 





percent 


rtp. Per cent 


per cent 


y per f«. 

Normal 

Sea level 

5 9 

158 ±51 

5 9 

540 ±36 

5 9 

115 ±7 

9 

39 ±2 



4 o' 


3 & 


4 c? 





20,000 ft. 

3 9 

2081 ±322 

3 9 

5S0±S7 

4 9 

I4S±S 

8 

37 ±2 



3 cf 


4 cf 


4 o' 




Deficient 

Sea level 

6 9 

73 ± 15 

6 9 

454 ±40 

6 9 

56±6 

8 

19 ±2 



2 cf 


1 o' 


2c' 





20,000 ft. 

5 9 

203 ±96 

6 9 

474 ±54 

6 9 

103 ±22 

10 

21 ±2 



3 d' 

1 


1 

4 o' 




Injected 

Sea level 

6 9 

165 ±56 i 

5 9 

473 ±38 

5 9 

5S±6 

8 

29±2 

defi- 


2 cf 


2 o' 


2cr 




cient 1 

20,000 ft. 

5 9 i 

1318 ± 224 : 


593 ± 43 

5 9 

154 ±25 

9 

28± 1 



3 cf 


5 cf 


4d' 




Pair-fed 

Sea level 

5 9 

241 ±M 

4 9 


5 9 i 

103 ±6 

8 

45 ±3 



3 cf 


3 o' 


3 c? 


i 



20,000 ft. 

4 9 

2753 ±356 

3 9 

663 ±25 

4 9 

137 ± 11 

9 

3S±2 



40^ 


4 o' 


4 o' 
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into the deficient rats did not raise the blood sugar level at atmospheric 
pressure. 

Liver Glycogen — ^It cannot be determined definitely from these data 
whether riboflavin deficiency affected the sea level liver glycogen values, 



Fig. 2. Fasting blood sugar Icvels^'of normal and riboflavin-deficient rats at fica 
level and exposed to anoxia (20,000 ft, altitude) for 24 hours. The groups are as 
indicated in Fig. 1. 


Tabld III 

Effect of Anoxia (S49 Mm, of Hg for Honrs) on Carbohydrate Levels of Normal and 
Riboflavin-Deficient Rais; Increase over Sea Level Values* 

— — ■ ' — I I — — — ~ — 

Group Liver glycogen g^cogln ^ Blood sugar ^ 


fns. per cent mg. per cent mg. per cent 

Normal 1923 ± 316 6.1 40 ± 87 0.4 33 ± 10 3.3 

Deficiont 135 ± 97 1.4 20 ± 66 0.3 47 ± 23 2.0 


Injected deficient 1216 ± 230 5.3 156 ± 62 2.5 106 ± 25 

Pair-fed 2512 ± 359 7.0 181 ± 47 3.8 34 ± 12 


• = (difference of means)/(standard error of the difference). A value of 2 

O.ili. 

or more was taken as indicating a significant difference. 

but Table II and Fig. 3 show the tendency of the deficient animals to have 
lower liver glycogen than any other group. 

The normal animals exhibited a typical increase in liver glycogen when 
exposed to low oxygen tension (Tables II and III, Fig. 3)r The riboflavin- 
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deficient rats were not capable of bringing about this increase in liver 
glycogen at reduced pressure, although some of the animals raised their 
liver glycogen well above the sea level average for their group. This 
inability of the deficient animals to increase the store of liver gljxogen was 
not due to inanition, however, because the pair-fed rats e^dnced better 
glyconeogenesis than did the normal rats. The failure of the deficient 



Fig. 3. Liver glycogen of fasting normal and riboflavin-deficient rats at sea level 
and exposed to anoxia (20,000 ft. altitude) for 24 hours. The groups arc as indicated 
in Fig. 1 . 

rats to increase their liver glycogen was apparently a functional disability 
and not due to any structural change brought about by the deficiency, 
because when riboflavin was injected into the deficient animals the}^ were 
nearly as capable of glyconeogenesis as were the normal rats. 

^ Mmde Glycogen — The muscle glycogen of all groups at sea level was 
similar (Table II, Fig. 4), Avith some tendency for the normal group to show 




216 


RIBOFLAVIN DEFICIENCY IN ANOXIA 


greater values than tlie others. The normal and deficient groups did 
not significantly increase their muscle glycogen when exposed to reduced 
pressure, but the pair-fed and injected deficient rats made small but appar- 
ently significant increases in muscle glycogen under these circumstances. 



Fig. 4. Muscle glycogen of normal and riboflavin-deficient fasting rats at sea level 
and exposed to anoxia (20,000 ft. altitude) for 24 hours. The groups are as indicated 
in Fig. 1. 


DISCUSSION 

The normal fasting animals subjected to reduced pressure for 24 hours 
increased their liver glycogen and blood sugar significantly wlien compared 
with sea level controls. This has been reported by Evans (1), by Leuds, 
Thorn, Koepf, and Dorrance (2), by Long, Katzin, and Fry (3), and by 
Langley and Clarke (4). The normal animals did not show significant 
increases in muscle glycogen when exposed to low oxygen tension. Evans 
(1) and Levds and coworkers (2) obtained higher muscle glycogen in normal 
animals subjected to low oxygen tension, but Long, Katzin, and Fry (3) 
reported no difference in this respect between normal animals and those 
treated with adrenocortical extract, a condition which produced effects like 
those of anoxia. 

The state of riboflavin deficiency produced a lower than normal fast- 
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ing blood sugar, which was not due to inamtion and was not affected by 
the injection of 0.1 tng. of riboftaviii just previous to the beginning of the 
24 hour fast. The liver glycogen levels of the fasting ribofia\'in-deficient 
rats at sea level were somewhat lower than those of the normal, pair-fed, 
and injected deficient animals, but the variation uithin groups was too 
great to make the difference significant (Fig. 3). The muscle glycogen of 
the deficient rats was also at a slightly lower level than normal at sea level 
(Fig. 4). It appears from these data that ribofla^nn maj" be concerned 
\rith glucose formation at sea level imder fasting conditions. 

lYhen the ribofla\in'dcficient animals were exposed to low oxygen tension 
in the fasting state, they were incapable of stimulating glyconeogenesis 
at a normal rate. Although there ivas much variation, many of them 
(Fig. 2) increased their blood sugar to higher than sea level values, but 
even those animals \rith high blood glucose failed to increase the liver 
glycogen to the usual level seen under reduced pressure. The muscle 
gb'cogen of the deficient animals did not increase at low pressure, but this 
was also true of the normal animals. These data indicate that the ribo- 
fla\in deficiency state rendered the animals incapable of increasing their 
carbohydrate levels at reduced pressure, probably due primarily to failure 
of increased formation of glucose, or to inadequate glycogenesis or to both. 
To determine the true cause, glucose e.xcretion of fasting animals under 
anoxia should be determined, as well as the liver glycogen levels of ribo- 
flarin-deficient rats given a glucose meal just before ex*posure to reduced 
pressure. 

The injection of ribofia\Tn into the deficient animals apparently had no 
significant effect upon the carbohydrate leveb at atmospheric pressure. 
At reduced pressure, however, the effect of the single injection was imme- 
diate and quite marked. The blood glucose rose to an average higher than 
that of any other groups and liver glycogen was deposited to nearly the 
same degree as in the normal rats. This group of deficient animals was 
able to respond to low oxj'gen tension, in one re.spect more effectively than 
the normal animals, that is, by greater rise in blood glucose. This seemed 
to indicate spccificit}' of function of ribofia^dn in the gb'coneogenic mecha- 
nism. The increase in liver gb^cogen was less than that of the normal and 
pair-fed groups but the increase in muscle gb'cogen was greater (Table III)- 
Possibly the liver gbxogen level might have been increased further if the 
riboflavin had been administered in two or more smaller doses during the 
anoxic period, to prevent loss by excretion of temporaiy excess. 

* Statistical anab'sis docs not sho^* a significiint difference between the blood sugar 
increase of the deficient and injected deficient rats, because the standard deviation is 
large. However, the injected animals definitely increased their liver glycogen, 
which probably indicated higher blood glucose levels. 
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The carboliydrnte levels of the pair-fed rats were the same as those of 
the normal at sea level, but under anoxia the increase in both muscle 
and liver gl^^cogen appeared to be greater than was seen in the norma! 
g’^oup. The final levels achieved were not different in the muscle glycogen 
but appeared to be significant^" higher in the liver glycogen of the pair-fed 
group. This effect of clironic partial inanition Avas not unexpected, but it 
apparent!}" occurred only in tlic presence of riboflavin, since the deficient 
group achieved practically no increase in glycogen. 

If the presence of riboflavin is necessary for normal performance by the 
carbohydrate-forming mechanism stimulated by low oxygen tension, it 
might be expected that the riboflavin content of the tissues would be 
changed during exposure to anoxia. The nboflavin content of the livers 
varied vith the riboflavin intake of the animal (Fig. 1). This has been 
reported by Fraser, Topping, and Isbell (22). Under anoxia the only 
significant change was in the pair-fed group, in which there was a slight 
decrease. It cannot be determined whether this decrease represented a 
destruction of riboflavin at low pressure or a mobilization of riboflara in 
some other tissue at the expense of the liver. Govier (23) recently re- 
ported the work of Grieg, who found during exposure of animals to shock 
a breakdown of alloxazine adenine diniicleotide, wliich was resynthesized 
when riboflavin was administered. It may be significant that the great- 
est amount of gly coneogenesis occurred in our pair-fed group in Avhich the 
riboflavin store in the liver Avas reduced. 

There Avas a suggesti\"e correlation between the liver stores of riboflavin 
and the increases in liver glycogen produced xmder anoxia. Thus the 
livers of the pair-fed rats had the most riboflaAon and made the greatest 
increase in glycogen, the normal livers Avere next in concentration of both, 
then those of the injected deficient, and finally of the deficient group. 
Apparently the liver riboflavin threshold value required for glycogenesis 
AA^as attained by the injected deficient but not by the deficient group. This 
riboflavin concentration of the liver may be an accompanying or folloAMng 
value, hoAvever, rather than the conditioning factor of the glycogenesis. 

Hailman (24) reported recently the effect of riboflavin in preventing 
the depression of the linguo-maxillaiy reflex in the dog, and suppression 
of the contraction of the smooth muscle of the frog esophagus, caused by 
anoxia. He believed the effect of the riboflaAon Avas due to improved 
cellular oxidation. 

The riboflavin-deficient animals had tAvo characteristics Avhich might 
indicate adrenal cortical insufiiciency. The fasting blood sugar Avas low 
at sea level, and the carbohydrate mechanism under an anoxic condition 
appeared to be handicapped. One might consider the interrelation of 
symptoms of the tAA^o conditions in terms of the theory of Verzdr and Laszt 
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(13) that the adrenal cortex is necessarj' for the phosphorylation of ribo- 
flavin. If this were so, a riboflavin-deficient animal injected with ribo- 
flavin hydrochloride could not utilize it to the fullest extent if the rat vv'ere 
suffering from adrenal insuflaciency as a result of the prolonged deficienc}'. 
Since the injected animals were capable of utilizing unphosphorjiated ribo- 
flavin, it must be concluded either that the deficiency produces no adrenal 
cortical insufficiency, or that the adrenal cortex is not necessarj’ for the 
phosphorjiation of riboflavin. There is more evidence in fav’or of the 
latter conclusion, since the deficient animals reacted under ano.xia, so far 
as their carbohydrate metabolism was concerned, as do adrenalectomized 
rats (1^). The failure of the carbohydrate mechanism was not as com- 
plete in the deficient group as has been reported for adrenalectomized 
animals, but this may be due to incompleteness of the riboflavin deficiency. 

SUAnLARY 

1. Hats deficient in riboflavin could not increase their liv’^er glycogen 
levels, when e.xposed to low oxj-gen tension, to the same degree as normal 
animals. This inefficiency was not due to the lovv'er food intake of the 
deficient animals, nor to any permanent structural change. 

2. Injection of riboflavin into the deficient animals just before the ex- 
posure period began permitted normal response to low o?^'gen tension. 

3. The deficient animals had lower blood glucose when fasted at sea lev^el 
than did normal animals, a condition not seen in the pair-fed normal 
group. 

4. The riboflavin content of the rat liv'^ers varied with the riboflavin 
intake. 

Riboflavin is indispensable for the operation of the glyconeogenic mech- 
anism that is stimulated by anoxic anoxia, and maj^ be inv'olv'ed in both 
glucose and gl^'cogen formation. 
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NICOTINIC ACID VALUES BY CHEMICAL AND MICROBIO- 
LOGICAL METHODS. EFFECT OF HYDROGEN PEROXIDE 
AND INFRA-RED RAYS ON NICOTINIC -A-CID 

Br ELMER B. BROWK, JAMES M. THO^L!i.S, ast> ALBERT F. BECA 
[From the Anheuser-Busch Laboratories, St. Louis) 

(Received for publication, ICovember 2, 1W5) 

For comparative purposes the nicotinic acid content of various products 
has been determined by both chemical and microbiological methods. 
Along with this comparative study, work has been done on treatments of 
the extracts and a study of the effects produced as a result of the treat- 
ment on the nicotinic acid content pre\dously determined. A sur\'ey of 
the literature discloses that numerous discrepancies in values are obtained 
for nicotinic acid dependent on the material analyzed, the method used, 
and the treatment given the material prior to the detennination. Xot 
only do these values differ when the determinations are carried out by 
chemical and microbiolo^cal methods, but they also vary according to 
the products analyzed, indicating that certain types of materials are en- 
countered that affect the detennination when carried out by one method 
on some products that do not interfere in other procedures. 

The microbiological method selected for use in this work is the proce- 
dure of Barton-Wright (1) which we find possesses advantages over other 
raicrobiolo^cal procedures we have tried in this laboratoiy’. This method 
differs from that of Krehl et al. (2) in the foUoning points: (a) the casein 
hydrolj^sate is doubled in concentration, (&) the concentration of biotin 
is raised to 0.4 y per liter, (c) xanthine and xjdose are added to the basal 
medium, (d) synthetic di-tr^i^tophane is iised instead of natTiral UXrypto- 
phane to avoid possible nicotinic acid contamination, and (e) the commer- 
cially available \itamin-free casein hydrolysate, Smaco, is used instead of 
preparing the hydrol\*sate. This hydrolysate proved free of niacin and 
satisfactory in this work. 

The chemical procedures employed were the methods worked out by a 
group of cereal chemists under the chairmanship of Mr. Steele (3), and a 
modification of the Bina, Thomas, and Brown (4) procedure in which the 
samples were treated and run separately by that method. Aliquots of 
the samples prepared by the collaborative method were used for assay 
by the microbiolo^cal procedure. 

Brown, Thomas, and Bina (5) found that cereal extracts contained two 
types of compounds that are measured as nicotinic acid and are differen- 
tiated chemically by the fact that one is reachly oxidized and loses its 
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properties as a chromogen, while the second type is stable to hydrogen 
peroxide oxidation and continues to be reactive in the oxidized extract. 
These authors presented the results of analyses made before and after the 
treatment of cereal extracts vnth oxidizing reagents, and found that oxi- 
dation shows the presence of interfering substances that affect the values 
obtained for nicotinic acid by the microbiological method corresponding 
to similar values Avith the chemical method. Since &ehl. Strong, and 
Elvehjem (2) reported that they obtained no difference in results when 
they treated their extracts \vith hydrogen peroxide, further ex^periments 
were made \vith this reagent and the results obtained confirm our previous 
findings. Not only do we find this true on the products reported in that 
paper but also on wheat bran and malt extracts treated similarly to whole 
wheat. The value for wheat bran dropped from 215 to 154 and for barley 
malt from 71 to 52 7 per gm. as a result of the oxidation with hydrogen 
peroxide and microbiological determination. 

In our previous publication ^ve found no destruction of pure nicotinic 
acid when samples were treated Avith hydrogen peroxide, and complete 
recovery was obtained regardless of whether the chemical or microbio- 
logical method was used. These results are also confirmed in this work 
and show that hydrogen peroxide does not oxidize nicotinic acid under the 
conditions used and that the reduction in values obtained for nicotinic 
acid in certain products by this treatment is due to the destruction of 
interfering substances contained in the extracts. 

In the experimental part of this paper we find that infra-red radiation 
does not destroy pure nicotinic acid when solutions are evaporated by 
means of an infra-red lamp and that the nicotinic acid is recovered com- 
pletely after the treatment. However, when a solution of crystalline 
nicotinic acid is treated with hydrogen peroxide and evaporated to dryness 
by means of infra-red radiation, the nicotinic acid is almost completely 
destroyed. This method of destruction of nicotinic acid was not expected 
and is being studied further in our laborator}’' to determine the mechanism 
of the reaction and the products produced. 

EXPERIMENTAL 

Preparation of Extracts — Two methods of extract preparation are em- 
ployed. In the first method, a direct hydrolysis of the sample with 2 
N H2SO4 in a boiling water bath is used, as outlined by Steele (3), Avith 
subsequent adsorption on Lloyd’s reagent and elution with 0.4 n NaOH. 
The second, a water extract, is obtained, wliich is then hydrolyzed by 
enzymatic treatment and finally on a boiling water bath with hydrochloric 
acid. These extracts, for which data are tabulated in Table I, are ob- 
tained as follows, vith wheat bran as an example. A clean wheat bran, 



BRO^TS% THOiLlS, AND BINA 


223 


as free of screenings and of genn and endosperm as commercial milling 
permits, was ground in a TSlle}’' mill Qaboratory model) throu^ a 30 
mesh screen. 5 gm. of this material are suspended in 75 ml. of 2.0 N 
H ^04 in a 100 ml. volumetric flask and hydrolyzed in boiling water for 

Table I 


Comparative DelerminaUons of Kicolinic Acid 


Materuls 

Microbiologicxl 

O)ll»bonijvc 

TfccJSXS, 

a:ylBf07ra 

Barley, No. 2 Valley 

1 

r ter tm 

65.0 

43.4 ! 

T#«rr« 

38.0 

** malt. No. 2 Valley 

71.0 

46.0 

47.0 

Wheat, No. 3 HRW 

53.0 

38.0 

40.0 

Oats, No. 1 white 

7.2 

6.8' 

6.9 

Rye 

8.7 

7.3 j 

7.4 

Com, yellow 

15.7 

12.5 ! 

11.5 

Millet, E. fortune 

25.2 

17.3 j 

15.8 

Milo maize 

22.3 

17.2 i 

17.5 

Sargo, Atlas 

.. 25.0 

22,5 

20.8 

Flax, Viking 

32.5 

24.0 

23.3 

** Bison 

23.6 

19.2 1 

21.5 

Rice, brown 

54.9 

43.5 ; 

47.4 

“ rough 

59 0 

40.0 

43,5 

** milled 

11.8 

11.4 

9.6 

Peanuts, runner 

125.0 

111.6 

123-8 

Cow-pea, Canada 

20.0 

17.7 

19.6 

Soy bean, Illinois 

16 0 

10.0 

10.7 

Lima 

11.3 

19.5 

20.3 

Navy ** 

10.6 

17.3 

17.6 

Black eyed peas 

17.2 

16.5 

23.4 

Lentils 

22.7 

21.8 

22.7 

Sesame seed 

42.5 

^.5 

43.3 

Poppy “ 

8.2 

9,8 

10.7 

Caraway -seed | 

21.2 

21.1 

21.3 

Watermelon seed j 

15.1 

13.0 

13.7 

Wheat bran | 

214.8 

155.1 

140.4 

germ I 

51.4 

42.6 

57.6 

Bread, enriched ! 

41.7 

35.2 

1 36.6 

Pow dered skim milk 

10.0 

14.0 

1 12.0 

Yeast, dried, brewers* ; 

453.0 

450.0 

! 457.0 

Distillers solubles, dry 

52.3 

46.0 

53 0 

Penicillin mold, dr^’ 

142.5 

110.0 

1 ISO 0 


1 hour, \rith occarional mbdng. The flask is cooled to room temperature 
and made to volume uitb distilled water. The contents of the flask 
are well mixed and a 25 ml. aliquot is transferred to a 50 ml. centrifuge 
tube and the pH adjusted to 0.5 to 1.0 with 40 per cent caustic solution. 
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■with methyl violet on a spot plate as an outside indicator. 1 drop of 
indicator and 1 drop of the sample ai’e mixed on the spot plate and the 
color compared vdi\\ that produced when 1 drop of indicator is mixed with 
1 drop of 0,2 N H2SO4, 1 gm. of Lloyd^s reagent is then added and the 
contents of the tube are mixed well for at least 1 minute. The tube is 
then centrifuged clear and the supernatant liquid discarded. The Lloyd’s 
reagent is washed twice by suspending it in 10 ml. of 0.2 n H2SO4, cen- 
trifuging, and discarding the supernatant liquid. After the final washing, 
the tube is inverted and allow'ed to drain well. 25 ml. of 0.4 n NaOH 
are then added and the contents mixed by stirring and shaking. The tubes 
are centrifuged and the supernatant liquid poured into other centrifuge 
tubes containing 1.6 gm, of powdered lead nitrate, and mi.\ed well by 
swirling. 1 drop of phenolphthalein is added, the solution being decolor- 
ized if sufficient Pb(N03)2 has been used. Solid K3PO4 is now added 
until the solution is pink. The pH is adjusted to between 5.0 and 0.0 
Avith 10 per cent H3PO4 and vnt\\ nitrazine paper as an outside 

indicator. The tubes are centrifuged and the supernatant liquid decanted 
carefully for color development and microbiological assay. 

Three 5 ml. aliquots of each solution are used for color development in 
the chemical procedure, marked a, 5, and c. 12 ml. of water are added to 
a, and 1 ml. of water to h. 1 ml. of standard niacin solution containing 
10 7 of niacin is added to c. 1 ml. of CNBr reagent is then added to h 
and c, and after 15 minutes 10 ml. of the metol reagent are added. The 
samples are kept in the dark for 1 hour, after wdiich tlie color is measured 
in a Pfaltz and Bauer photoelectric spectrophotometer at a Avavc-lcngth 
of about 420 mju with a combination blue and 3^ellow filter. Metol is 
used to produce the color complex. 

The second method is essentiall}^ the method of Bina, Thomas, and 
Brown (4), in Avliich a w’ater extract is prepared by suspending 10 gm. of 
ground sample in 125 ml. of distilled water and heating at 15 pounds pres- 
sure in an autoclave for 30 minutes, then cooling to 50°, and adding 0.4 
gm. of taka-diastase. The sample is incubated for 2 hours and again 
autoclaved for 30 minutes at 15 pounds pressure, after w’hich it is cen- 
trifuged and the residue washed twice with 15 ml. portions of hot water. 
The combined extract and washings are then hydrolj^zed by treatment 
with 5 ml. of concentrated HCl and held in a boiling w^ater bath for 30 
minutes. After centrifuging, the acidity is adjusted to a pH of 6.4 to 
G.8 and is ready for assay according to the procedure described by Bina, 
Thomas, and Browm, with p-aminoacetophenone as the color reagent. 
The results are tabulated in Table I, giving the values obtained for a 
number of products by these different methods. 

Influence of Hydrogen Peroxide Treatment on Nicotinic Acid Valuer 
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Aliquot portions of the samples of wheat bran and malt extracts, values 
for which are recorded in Table I, were used for treatment with hydrogen 
peroxide. 50 ml. portions of each of these attracts that had been prepared 
up to the final stage, including adsorption and elution with Llo}’'d’s reagent, 
^Ycre treated with 5 ml. of 40 per cent NaOH and 5 ml. of 30 per cent hy- 
drogen peroxide at 70° for 2 hours, then evaporated to diyness on the steam 
bath. The residues were again dissolved in distilled water, the pH ad- 
justed to 6, then diluted to the original volume for nicotinic acid deter- 
nunations. 

500 7 of c.p. niacin were dissolved in 50 ml. of distilled water and treated 
ulth NaOH and hydrogen peroxide in exactly the same manner as de- 
scribed above, and the nicotinic acid determined along nith the bran and 
malt samples by the microbiological procedure. The values obtained^ on 
these samples are recorded in Table II, in comparison with the values ob- 
tained on the untreated aliquot recorded in Table I. 


Table II 

Kicolinic Add Values Obtained by Microbiological Procedure 


&ratCM3ls 

' Orisiaal extract 

Oxidired extract 

i 


•r per 

y gta. 

Wheat bran 

214. S 

149.2 

Barle 3 ’’ malt 

71.0 

52.5 

Nicotinic acid, c.p. 

500.0 

506.0 


Effect o/ Infra-Red Eadialion on Nicolmic Acid and Nicotinic Acid in 
Presence of Hydrogen Peroxide — Evaporation by means of infra-red radia- 
tion has become an effective method in the evaporation of liquids and the 
removal of moisture from difficult dr^nng products. Experiments were 
made to determine whether infra-red radiation was applicable for use in 
the concentration of extracts containing nicotinic acid, as this procedure 
is faster and preferred to evaporation on a steam bath, pro\'ided it does 
not affect the product. 

Two samples of c.p. nicotinic acid (500 y) were dissolved in 50 ml. 
of distilled water, made alkaline vith NaOH, and evaporated, Sample A 
on the steam bath and Sample B under a laboratory infra-red lamp. 
Each sample was dissolved in distilled water, neutralized, made to volume, 
and analyzed by the microbiological and chemical procedures. Com- 
plete recover^" of the nicotinic acid was obtained by all three methods. 

Two other samples of c.p, nicotinic acid were dissolved in 50 ml, of dis- 
tilled water, 5 ml. of NaOH and 5 ml. of hydrogen peroxide added, and the 
solutions evaporated to drjmess on the steam bath and under the infra- 
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red lamp as in the previous experiments. Analyses made on these solu- 
tions revealed that Sample A, which was treated vuth hydrogen peroxide 
and evaporated on the steam bath, was unaffected and gave complete 
recovery by each of the methods, wliile Sample B, evaporated under the 
infra-red lamp, showed complete destruction as determined by the chemi- 
cal methods and 90 per cent by the microbiological proceduie. These 
results are tabulated in Table III. 

50 ml. aliquots of the wheat bran and barley malt extracts were treated 
with hydrogen peroxide, NaOH, and evaporated to dryness on the steam 
bath, and also by the infra-red lamp, exactly as previously described for 

Table III 


Results of Ntcolinic Acid Analyses 


Experiment 

No. 

1 Nicotmic acid, c r , 500 Y 

[ Found 
- 

1 Per cent 
dcstro>cd 

1 

Evaporated on steain bath 

500 

None 

2 

** with infra-red lamp 

500 

11 

3 

Treated with H 2 O 2 and steam bath 

500 

11 

4 

“ “ ** ** infra-red lamp 

40 

92 


Table IV 

Resulls of Analyses of Wheat Bran and Barley Mali Extracts 



Original 

HiOi, steam 
bath 



1 

y per zm 

y per gm 

y per grrt 

Wheat bran . . 

214 8 1 

149.2 

44 3 

Barley malt . ' 

71 0 

52 5 

12 1 

Nicotinic acid, c p , 500 y 

487 0 1 

495.0 

50 0 


the treatment of samples recorded in Table II and paralleled with c*p. 
nicotinic acid similarly treated. Tlie results of these analyses are re- 
corded in Table IV, as determined microbiologically. 


DISCUSSION 

The values for nicotinic acid obtained on the different products listed 
in Table I represent the nicotinic acid content of these products as regu- 
larly determined by the microbiological and chemical methods. A com- 
parison of these results shows that a majority of the cereal products give 
liigher values by the microbiological method than by the chemical pro- 
cedures. Tliis is especially true with wheat and malt products, in which 
appreciably higher values are obtained on the same extracts by the micro- 
biological procedure than by the chemical method. Tliis is not the case, 
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however, with oats, r}*e, wheat germ, and j’east, in which approximately 
the same values are obtained by all methods. On the other hand, lima 
and na\y beans ^ve considerabh’' higher values by the chemical than by 
the microbiological method. The values for sesame, poppy, carawaj", 
and watermelon seeds are in good agreement by all the methods. The 
same is tnie of cow-peas, black eyed peas, and lentils, in which almost 
identical values are obtained. Penicillin mold gave different values bj' 
each method used, probably due in part to the fact that the extract ob- 
tained could not be completely decolorized for the determinations which 
may have supplied some color that interfered in the chemical procedures, 
increasing the values. 

Oxidation of wheat bran and barle}' malt extracts with hydrogen perox- 
ide materially lowers the nicotinic acid values obtain^ before the oxida- 
tion, as shovTi in Table lY. The nicotinic acid values on these oxidized 
extracts by the microbiological method are in close agreement ^rith the 
values obtained on the imoxidized extracts by the chemical methods. It 
is advantageous to make the o.xidation treatment with h3"drogen peroxide 
on the nicotinic acid fraction after adsorption on Lloj^d’s reagent and 
separation from the hydrolysate. This separates the nicotinic acid frac- 
tion from a large amount of oxidizable material in the hj'drolysate that 
also is oxidized when the reaction is carried out without this separation. 
This separation gives a more effective procedure in limiting the action of 
the h3"drogen peroxide to the nicotinic acid fraction and eliminates loss of 
reagent used up b3" the other materials. Similar losses in nicotinic acid 
values are sho'v\'n without this separation but require more reagent and 
time. 

The use of the infra-red radiator to evaporate the extracts produced no 
deleterious effects on the nicotinic acid except in the presence of h3'drogen 
peroxide. A temperature of 115 ° was maintained. 

The h3’’drogen peroxide treatment produces no destruction of nicotinic 
acid when solutions are evaporated to dr3Tiess on the steam bath. 

Nicotinic acid, c.p., treated with h3^di:ogen peroxide and infra-red radia- 
tion, as described in the experiments, undergoes practicall3' complete de- 
struction, as showm in anal3'ses b3" the microbiological procedure. Similar 
treatment, with cereal extracts, gave values far below the values obtained 
b3’ the chemical methods or on the same oxidized extracts without the 
infra-red treatment, indicating destruction of mcotinic acid as well as 
interfering substances in the extracts, b3" the combination of these treat- 
ments. 

The fact that nicotinic acid values vary appreciabh’' with the method of 
h3'drol3*sis emplo3'ed in both the chemical and microbiological methods 
and that drastic treatments with acid or alkali are required to produce 
ma.xiraum niacin values for the products casts doubt on the availability- 
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of the niacin to the human organism found by these methods on natural 
products. Water extracts and enzymatic treatment of natural products 
liberate only a portion of the total material that is liberated by the drastic 
hydrolytic methods usvially employed for these analyses and indicate 
that a large percentage of the niacin material is not made available by the 
digestive process wlicn these products arc consumed as food. The fact 
that Goldberger and Wheeler (G) found wheat germ much better than 
whole wheat in their work wth pellagra patients, even though analyses 
place them approximate!}'’ equal in niacin values, points to the fact that 
either the niacin values by clicmical and microbiological methods are 
incorrect or the material contained in whole Avheat, bran, etc., is not as 
available as the niacin fraction contained in the wheat germ. 

Wliile animal methods are exceedingly difficult and at present limited to 
dogs, it would appear that a comjirehensive bioassay of food materials for 
available niacin values would be justified. Tlie large food requirements of 
the dog, the number of animals, and the length of time required would 
impose a considerable task, but the results obtained should clear up a 
number of points that appear to offer no other solution. 

SUMMARY 

Nicotinic acid determinations were made on a number of products by 
three different microbiological and chemical procedures. With some of the 
products good agreement was obtained by all of the metliods, wliile with 
other products wide variations resulted. These imriations depend as much 
on the product analyzed as upon the procedure used and point to the fact 
that the different methods are not specific for the same material. 

Oxidation materially lowers the apparent nicotinic acid values of extracts 
of wheat and malt products but solutions of pure nicotinic acid are not 
affected by the same treatment. Infra-red radiation of nicotinic acid 
solutions in the presence of oxidizing reagents produced destruction of the 
nicotinic acid. 

The drastic treatment required for the liberation of nicotinic acid from 
natural products is such that doubt is cast on the availability of large 
proportions of these values in human nutrition. 
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PEA STARCH, A STARCH OF HIGH AMYLOSE CONTENT 

By G. E. HILBERT and :M. M. iAIacMASTERS 
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Peoria j Illinois) 

(Received for publication, November 12, 1945) 

Two general classes of starch have been recognized np to the present 
time, the common starches, containing both amylose and amylopectin 
molecules, and the waxy or glutinous cereal starches, which arc comprised 
almost entirely of amylopectin. The first class can, in turn, be subdirdded 
into two broad groups, one composed of the so called root starches, such 
as tapioca, potato, and sweet potato starch, which contain about 17 to 22 
per cent amjdose, and the other comprising the cereal starches which con- 
tain approximately 25 to 29 per cent am3'Iose. 

The differences in phj^sical properties exhibited b}’' pastes, sols, and 
gels of starches of these two gi’oups result, in part, from the diffei-cnce in the 
ratio of amylose to amjdopectin molecules; t.c., of linear to non-linear 
molecules. Other important factors influence the differences in phj^sical 
characteristics of starch- water systems of the two groups; these include 
the average chain length of the amjdose, the amount of phosphoric acid 
directly bound to the amjdopectin, and the degree of association of anyloss 
and am^flopectin. 

One starch in a possible third group containing slightly over 30 per cent 
amylose has been described (1). This was obtained from Easter lily bulbs. 
Its paste characteristics are more like those of com-starch than of the root 
starches and it may belong with the cereal starch group. 

Air. J. P. Nielsen of the Western Re^onal Research Laboratory noted, 
during a study of the colors given by a number of starches wdth iodine, that 
a peculiar coloration was obtained in the case of starch from garden type, 
WTinkled seeded peas (2). On the basis of this color, he believed the 
amylose content of uTinkled seeded pea starch to be exceptionallj'’ high, 
and estimated it to be about 75 per cent. Mr. Nielsen called this conclu- 
sion to the attention of the authors. Apparent ty the onl3’' other experi- 
mental work on pea starch was that carried out by Reichert (3) who re- 
ported no imusual characteristics. Because a starch having such a high 
content of am3dose would be unique and might have unusual ph3'sical 
properties, a thorough stud3" of it, as suggested by Air. Nielsen, appeared 
desirable. Starch was therefore prepared from u*rinkled seeded peas, and 

* One of the laboratories of the Bureau of Agricultural and Industrial Chemistr 3 ', 
Agricultural Research Administration, United States Department of Agriculture. 
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its amylose content determined by as exact methods as are at present at 
our disposal. Observations were made also on granule characteristics, 
such as microscopic appearance, gelatinization, and x-ray pattern, and 
paste properties, including viscosity and light transmittancy. 

EXPERIMENTAL 

Starch prepared from wrinkled seeded peas of the Alderman, Perfec- 
tion, and Stratagem varieties was studied. Complete data were not 
collected on starch from all three varieties. Alderman variety, however, 
which was included in all studies, may be regarded as representative of 
the class. Polarimetric starch determination indicated that both the 
Alderman and Stratagem peas contained about 30 per cent starch on a diy 
basis. 

For separation of the starch, whole peas were steeped for 24 hours at 
40^^ or 49° in distilled water to which a few ml. of toluene were added to 
inhibit the gro\vth of microorganisms. The peas were then processed by 
the method used by Cox, MacMasters, and Hilbert (4) for the preparation 
of starch from corn. Starch recovery was poor, averaging from 5 to 10 
per cent of the total air-dry weight of the peas, or about 18 to 30 per cent 
of the total starch present. The starch recovered appeared representative 
wth respect to microscopic appearance and granule size. 

Moisture, nitrogen, phosphorus, and ash content of the starch and 
starch content of the peas were determined as described by MacMasters 
and Hilbert (5). Fatty acids were determined by the method used by 
Whistler and Hilbert (6). 

Transmittancy curves of the starch during pasting were obtained by 
Morgan’s (7) method, mth slight modifications made in the apparatus by 
S. A. Karjala (unpublished). 

The procedure used to determine the gelatinization temperature of 
the starch granules was essentially that described by Reichert (3). Gelati- 
nization temperature is defined as that temperature at which birefringence 
has been lost by all the granules. 

Viscosity was determined in a MacMichael viscometer, as described by 
MacMasters, Eck, and Hilbert.^ 

The method described by Bates, French, and Rundle (8) and modified 
by Wilson, Schoch, and Hudson (9) was used for determining the iodine- 
sorptive capacity of starch and amylose. Before the determination was 
made, each sample was extracted for 48 hours with 85 per cent methanol in 
a Soxhlet extractor to remove fatty material. After this extraction, the 
starch contained about 0.05 per cent fatty material. Iodine-sorptive 

' MacMasters, M. M., Eck, J. W., and Hilbert, G, E., in preparation. 
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capacit}' is reported as mg. of iodine sorbed per gm. of starch or starch 
fraction. 

Fractionation of pea starch was effected b 3 ^ a modification of Schoch’s 
(10) method. Prior to fractionation, the starch was largely” defatted bj" 
So.xhlet extraction for 48 hours nith 85 per cent methanol, and was then 
pregelatinized by treatment ’with liquid ammonia and precipitation with 
alcohol, a method which is to be described elsewhere (J. E. Hodge, un- 
published data). The gelatinized starch, dried out of alcohol, Avas suspended 
in Avater saturated AAith butanol at 90®, After 1 hour the sj^stem Avas 
alloAA'ed to cool slowdj' to room temperature. The crude amjdose complex 
Avhich separated AA^as purified by immediate redispersion, AA-ithout dodng, 
bj’' heating at 15 poimds gage pressure for 30 minutes in AA*ater saturated 
AA*ith butanol. The hot system AA^as centrifuged to remove the appreciable 
quantity’' (about 5 per cent of the original starch) of xmgelatinized granules 
still present, and again cooled slowly to permit formation of the purified 
amylose-butanol complex. The amjdose aa'es liberated from the complex 
in the manner described by Schoch (10). 

The method of Schoch and Jensen (11) AA'as used to determine the al- 
kali lability value of the amjdose. 

Results 

Physical Characteristics of Gramties — Starch granules from the cotjdedon 
of garden type, AATinkled seeded peas are, in general, approximately globular 
in form and rosette-shaped (Fig. 1), and, unlike most starches, do not 
exhibit a cross AA'hen AieAA'ed betAveen crossed Nicol prisms. Rather, the}" 
show small Avedge-shaped bright sectors, with the apex of each pointed 
tOAA'ard the center of the granule (Fig. 2). Birefringence of the globular 
granule is, hoAA-ever, relatiA^ely AA'eak. In starch from the Alderman A^ariety, 
an occasional ellipsoidal granule AA-as obserA^ed Avhich exhibited a distinct 
cross. One of these which is strongl}’’ laminated is shoAATi in Figs. 1 and 2 
at the right of the field. None of these ellipsoidal granules were obserA'ed 
in the starch from the Perfection and Stratagem A^arieties of peas. 

Each of the common globular granules has a number of cracks or cleaA^age 
planes radiating from the center. Pea starch from seA’eral garden type, 
wrinkled seeded A^arieties AA'as studied b}" Reichert (3) AA'ho considered the 
deepl}" fissured granules to be ‘‘probabl}" simple.” CleaA^age of the granule 
along the planes or fissures into seA^eral small fragments, usually four to 
six in number, is not uncommon. ^Tien Adewed betu'een crossed Nicol 
prisms, hoAA*eA"er, each fragment shoAA's a cross. The \A*hole appearance, 
as AA'ell as the behaAdor of the fragments upon heating in AA'ater, indicates 
that each globular granule is a compound granule, composed of se\'eral 
simple A\*edge-shaped granules w’hich are the fragments formed b}" cleaA’age. 
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In Fig. 1, at the lo\Yer center, a compound granule is shown which is just 
beginning to break up into simple granules. Several simple granules and 
some intact compound granules are also shown in Figs. 1 and 2, Although 
generally only simple granules are found in the common commercial 
starches, it is well known that starch from some plants consists almost 
entirely of compound granules (3). 

The compound granules of winkled seeded pea starch average from about 
20 to 40 fx in diameter. The simple granules which comprise them are 
irregular in shape and hence difficult to measure, but are, roughly, about 



Fig. 1. Ungelatinized starch granules from the Alderman variety of wrinklctl 
seeded peas. X 300. 



Fig. 2. Same field as Fig. 1, between crossed Nicol prisms. X 300 

twice as large as the average small granules of commercial wheat starch. 
Although some of the compound granules break up during the separation 
of the starch from the other constituents of the cotyledon, man}'’ remain in- 
tact when heated in water to 120°, the simple granules swelling somewhat 
in siiu. 

The most striking characteristic observed for starch from wrinkled 
seeded, garden type peas was the high gelatinization temperature. Prac- 
tically all other known starches are completely gelatinized upon being 
heated in water to 75° or 80°. These pea starches, however, were only 
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partially swollen (Fig. 3) and still showed some birefringence (Fig. 4) after 
heating in %Yater at 95^97® for 20 minutes, and even after 1 hour at 120°. 
These results are contrar^’^ to the findings of Reichert (3) who reported the 
gelatinization temperature of starch from garden t^^pe peas to be 72.5- 
75°. Starch from the Thomas Laxton variety of garden 13^)6 peas, sepa- 
rated in Reichert’s laborator3" and presumably the sample which he studied, 
was found b3' the present authors to be incomplete^" gelatinized at 95°, 
similar to the samples freshl3^ prepared in this Labo^ator3^ 



Fig, 3. Perfection variet3' pea starch granules heated in water at 95-97° for 20 
minutes. X 300, 






V. 


Fig. 4. Same field as Fig 3, between crossed Nicol prisms. X 300 


Starch from wTinkled seeded peas either in the gelatinized or un- 
gelatinized state gives with iodine a clear blue color, with no trace of a 'violet 
tinge such as is showm b3’ the cereal starches. Root starches also, how’- 
ever, give a clear blue coloration with iodine solution. These variations 
in the coloration with iodine are apparent I3' superficial and unrelated to 
Rm3ios8 content. 

Wrinkled seeded pea starch is the first among the large number of seed 
starches studied in this Laboratoo' that has been found to give the B 
X'ni3'’ pattern, t3"pical of potato starch. In the pea starch x-ra}" pattern, 
the line number 5 (12) corresponding to the interplaner spacing of 4.47 A 
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is slightly stronger than that of the typical B pattern; otherwise the two 
are identical. 

Non-Carhohydraie Consliinenis of Gramdes — Starch from wrinkled seeded 
peas has, in general, an amount of non-carbohydrate constituents inter- 
mediate between that in corn -starch and that in potato starch. Compar- 
ative data on samples of the three starches similarly prepared in the labor- 
atory are given in Table I. The high nitrogen content of the pea starch is 
attributable to the great difficulty encountered in separating the starch 
from the protein wliich occurs ndth it in the cotyledons. Large pieces of 
this proteinaceous material were microscopically visible in the finished 
starch samples. The characteristics of the starch suspensions are not 
attributable to contamination of the sample with protein, however, for 
equally high protein content has only a relative!}’' minor effect upon the 


TABLn I 

Non-Carhohydrate Constituents of Starch 
All values are on the dry basis. 


Constituent 

Alderman pea 
starch 

Corn*starch 

Potato starch 


per cent 

per cent 

per cent 

Nitrogen 


0.05 

mSSM 

Phosphorus 


0.020 


Ash . . 

0.13 

0.06 


Fatty acid, by weight 

0.31 1 

0.70 


“ titration 

0.13 j 

0.45 



properties of starch pastes, and no effect upon the swelling characteristics 
of starch granules. 

Physical Characteristics of Paste” — Because of the limited degree of 
granule swelling, “pastes^^ of wrinkled seeded pea starch, prepared by heat- 
ing 5 per cent starch in water for 1 hour at 95°, have the characteristics of 
suspensions rather than of pastes. The system is opaque and not very 
gelatinous. The granules rapidly settle when the is allowed to 

stand without stirring. A 5 per cent corn-starch suspension heated to 80 
has the same general appearance. Wlien the pea starch-water system is 
allowed to cool to room temperature, a two-layered gel is formed, composed 
of a very stiff layer below one which is onl}^ moderately stiff. Layering is 
the result of the settling of the granules. 

The low swelling capacity of wrinkled seeded pea starch is reflected in 
the viscosity of its ^^pastes.^’ Even upon prolonged heating in water, the 
viscosity at 90° of wrinkled seeded pea starch-water systems is very low', 
being much less than that of the common and glutinous starches. The 
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\dscosity is increased but little when high stirring rates are used to break 
the compound granules into simple granules in an endeavor to permit 
complete swelling of the latter. Under these high velocity stirring condi- 
tions there was no apparent dispersion or breakage of the simple granules. 
Characteristic ’VTSCOsitj’^ data are given in Table II. 

light transmitt ancy cun^’es obtained during the heating of 0.1 per cent 
pea starch in water are relatively flat and without inflection (Fig. 5). In 
this, pea starch is unlike com, potato, and other starches, the light trans- 
mittancy cunTS of which have a sharp inflection point in the neighborhood 
of the gelatinization temperature. The much greater opacity of suspen- 
sions of starch from wrinkled seeded peas at elevated temperatures is due 
to the limited swelling of the granules. 

Amylose Content cf Starch — The amylose content of starch from VTinkled 
seeded peas is much higher than has previously been reported for any 


Tabi/E II 

Viscosity of Starch from Alderman Peas 
5 per cent starch suspension heated 60 minutes at 95®. 


Rate of stirring during heating 

Apparent viscosity at 90* 

rercJutions per m'lj. 

ctniipoisej 

120 

2.7 


2.7 


3.6 


starch. This conclusion is reached on the basis both of iodine-sorptive 
capacity of the starch (8) and of the results of fractionation with butanol 
(10). Although the iodine-sorptive capacity of the starch depends to some 
e.xtent upon the variety of the peas from which it is obtained, aU of the 
samples studied sorbed over 100 mg. of iodine per gm. of starch. If the 
approximate sorptive capacity of 200 mg. of iodine per gm. of amylose is 
taken as a standard for pure amylose, the amylose content of the pea 
starches studied is calculated to be between 60 and 70 per cent. Data 
and the calculated amylose content are given in Table III. 

Upon fractionation of Alderman pea starch, a 60 per cent yield of amj^lose 
was obtained. This fraction had an iodine-sorptive capacity of 187 mg. 
per gm., indicating about 93 per cent amylose content. This is about 
the purity obtained for com amylose under the same conditions of fraction- 
ation. The alkali lability value for the pea amylose fraction was 15.S, 
thus indicating that its molecular size approximates that of com amylose 
and is appreciabb" less than that of potato amylose. 
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starch in 0.1 per cent suspension. 


Table III 

lodineSorpiivc Capacity and Amylosc Content of Wrinkled Seeded Pea Starches^ 


Source of starch 

Iodine-sorptive capacity j 

Approximate amylose content* 

■ ■ ■ 1 

Alderman peas 

■ — — “ 

per gm. 

130 

138 

120 

per cent 

65 

69 

60 

Perfection “ 

Stratagem ** 



* Calculated on the assumption that pure pea amylose sorbs 200 mg. of I perg®* 
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DISCUSSION' 

The ph3r5ical characteristics of wrinkled seeded pea starch are consistent 
"ttith its high amylose content. Amylose, because of its high association 
power, is not readily dispersed to form colloidal solutions at temperatures 
below 100°, It is not surprising, therefore, that granules containing largely 
amylose are but little swollen tmder ordinary pasting conditions. In 
contrast is the behavior of glutinous, or waxy, cereal starches, the granules 
of which consist essentially of amylopectin, contain practically' no amylose, 
and sa'ell greatly at relatively low temperatures to form viscous, tacky 
pastes. There is no record in the literature of a starch that cannot be 
dispersed by heating in water at 120° for an hour. Since a large portion 
of pea starch is stDl incompletely gelatinized after this treatment, the 
amylose is presumed to be in an unusually highly associated state. 

Starch from uTmkled seeded peas cannot be classified in any of the 
starch groups known up to the present time. It has approximateh' twice 
the maximum amylose content previously reported for am' starch and 
possesses unusual swelling properties. A new starch group must therefore 
be recognized in which the granule and paste characteristics are markedly 
infiuenced by an exceptionally high amylose content. 

At present, starch from the various varieties of wrinkled seeded peas is 
the only land known to belong in this group. Starch from smooth seeded, 
field type peas is essentially like the common cereal and root starches in 
regard to its amylose content. 


SUIIXUET 

Starch belon^g to an entirely new class has been found to occur in three 
varieties of garden type, '^Tinkled seeded peas. The granules do not 
gelatinize completely even after prolonged heating in a boiling water bath. 
As a consequence, the pea starch-water syrstems heated to 97° resemble 
suspensions rather than pastes. A paste is not formed even after heating 
the sx-stem to 120° for 1 hour. Iodine-sorptive capacity and fractionation 
of the starch show the amylose content to be 60 to 70 per cent, depending 
upon the variety of peas. No starch has hitherto been reported with so 
high an amylose content, or such imusual physical characteristics. 

The authors wish to express their appreciation for the suggestion of Zfclr. 
J. P. Nielsen that garden type, wrinkled seeded pea starch might contain 
an unusually high percentage of amylose. 

Grateful aclmowledgments are made of the collection of pea samples by 
the Commodity Development Division, of the x-ray data obtained by 
Dr. N. C. Schieltz, of the analytical determinations made by membeis of 
the Analj-tical and Physical Chemical Division, and of the laboraton' aid 
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THE PRESENCE OF CREATINE IN THE TESTES OF VARIOUS 
INVERTEBRATES. THE PREPARATION OF CREATINE 
PHOSPHORIC ACID FROM FISH TESTES* 
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According to Kutscher and Ackermann there is a very marked 

difference betvreen vertebrate and invertebrate animals in that the latter do 
not contain creatine, but, in its place, arginine. After the discovery of 
creatine phosphoric acid b3’' Fiske and Subbarow (4, 5) and bj" Eggleton and 
Eggleton (6), it became of interest to see whether arginine in invertebrate 
muscle was similarlj^ present in combination with phosphoric acid. This 
was shown to be the case for the muscle of crawfish bj' Meyerhof and Loh- 
mann (7), and for those of Octopus hy Lohmann (8). Indirect evidence, 
chiefly that of the rate of hydrolj'sis of organic phosphoric acid and the 
effect thereon of the presence of molybdate ions, has indicated the presence 
of arsine phosphoric acid in the muscles of other invertebrate forms, 
including other mollusks and arthropods, platyhelminths, nemertines, 
annelids, podaxonia, and echinoderms (9-13). 

It seemed to be of interest to determine whether the forms that are gen- 
erally believed to be intermediate between the achordates and the true 
vertebrates contained creatine. Accordingly, in 1929, anaij’ses were made 
of the muscles of an ascidian, Bolfenfa, which is found near the Moimt 
Desert Island Biological Laboratory. The teased muscle fibrils of the 
basket contained a substance which, after heating with acid, reacted ^vith 
alkaline picrate solution with the production of an orange color. The in- 
tensity of this reaction indicated an apparent concentration of from 25 to 
42 mg. of creatine per 100 gm. of tissue (Table I). Neither the facilities 
nor the material available permitted further attempt at identification. 

The conspicuous mixed gonads of BoUenia were found to contain from 
30 to 92 mg. of apparent creatine per 100 gm. of tissue. Without heating, 
the same acid extracts seemed to contain 12 to 25 mg. of apparent creatine 
per 100 gm. of tissue. About 150 gm. of gonads were collected, presen'ed 
by heating in water, and brought to New York for an attempt at isolation 
of the creatine as potassium creatinine picrate. This was unsuccessful. 
In the course of this attempt, 0.190 gm. of betaine picrate was obtained, 
indicating a concentration of at least 44 mg. of betaine per 100 gm. of tissue. 

• Some of the material contained in this paper was report e<l to the Fourteenth 
International Physiological Congress, Rome, 1032, 
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The only other invertebrate containing any appreciable quantity of 
testes or sperm that was available at Mount Desert Island at that time was 
Echinrus. The sperm-laden nephridia, when extracted with cold 0.1 n HCl, 
yielded only the equivalent of 0.9 mg. of creatinine per 100 gm. After 


Taijlc I 


Determination of A'ppareJil Creatine^' in Vaiious Fresh Tissues 


Species 

Tissue 

No. of i 

Concentration 

analysis | 

Range 





Igt 


i 


wc. ptr 100 gm. 

mt ftr 

Bollcnia 

' Fibrils of basket 

4 

2^2 

31 


Mixed gonad 

9 

30-92 

50 

Echtiirus 

Spcrni-ladon nephridia 

1 

144 

144 


Muscle 

4 

23-40 

31 


“ nol heated 

3 

1-18 

10 

Loligo 

Ovaries ; 

2 1 

31-52 

42 


' Testes 

9 , 

62-97 

82 


1 Vas deferens 

5 

72-229 

163 


Spermatophorc organ 

6 : 

44-208 

98 

Osirca . 

Ovaries 

5 

31-41 

3o 


Testes 

5 

57-67 

63 

Whelk 

** and vas deferens 

3 ! 

<27- <38 

33 

Callinecies 

Testes 

4 1 

28-39 


Vas deferens 1 

4 1 

42-55 

47 

Arhacia*. \ 

Ovaries 

^ i 

19-52 

39 

1 

Testes 

<5 1 

154-214 

189 

Astci ias* 

Ovaries 

15 ! 

11-21 

17 


Testes, immature 

5 i 

27-94 

53 


“ mature 

13 

122-207 

169 

Slrongyloceniroius 

Ovaries 

36 

30-«4 

44 


Testes, Nov. 

7 

108-177 

152 


** Dec. 

21 

98-222 

163 


“ Apr. 

5 

242-320 

270 

Ascaris^ 

Testes 

2 

27-35 

31 


* These data were obtained by Dr. Milton Levy. The labile organic specimens o 
starfish testes varied from 12.3 to 25.3 mg., average 20.0 mg., per 100 gm. of tissue. 
These values correspond to 52 to 107, average 85 mg., of creatine. 


t These data were obtained by Dr. A. Lo Presti. 


heating mth acid, the amount was greatly increased, indicating the pres- 
ence of 144 mg. of creatine per 100 gm. No additional specimens^ of 
Echiunis could be collected at that time, but Dr. D. M. Whitaker was kind 
enough to obtain the speim from several specimens of Urechis collected at 
Morrow Bay, California. This was preserved in alcohol and sent to Ne^^ 
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York. From this material, creatine was isolated as potassium creatinine 
picrate. 

It seemed possible that the presence of creatine in other invertebrates 
had been overlooked by pre\dous investigators, who either confined their 
attention to the muscles or used entire animals. If these were not sexually 
mature at the time, any creatine that sperm might contain would not have 
been detected. 

It was decided to investigate such animals as might be available, when 
sexually mature, in quantity in the markets of New York. It was found 
that while small amounts of chromogenic material were present in the 
heated acid extracts of the testes of certain mollusks (squid, whelk, oyster) 
or of arthropods (crab), the testes of the sea urchin (Strongylocentrotus) 
contained very considerable quantities. This was first obseiv^ed early in 
the season with rather immature animals, in which the apparent creatine 
content was about 100 mg. per 100 gm. As development proceeded, the 
concentration of creatine steadily increased to reach, in some cases, as much 
as 320 mg. per 100 gm* The ovaries, whether mature or not, had an appar- 
ent creatine content of only 30 to 50 mg. per 100 gm. 

Without heating, the dilute add extracts of a large quantity of testes 
contained only about 10 mg. of “apparent creatinine” per 100 gm. of tissue. 
After heating, this was increased to about 90 mg. From these acid ex- 
tracts, creatine rvas isolated either as such, or as creatinine potassium 
picrate in amounts that corresponded quite well uith those estimated by 
JafTe’s reaction. 

If comparison were made uith the figures obtained by heating the entire 
tissue, the agreement was not so good. Either some creatine was not ex- 
tracted in the cold, or some other substance yielded a chromogenic material 
on heating with acid. In one experiment, the dilute acid extract contained 
84 mg. of apparent creatine per 100 gm. of tissue. The residue, after 
thorough extraction udth cold dilute acid, alcohol, and ether, was alsa heated 
uith 0.1 N HCI, An apparent creatine content of 67 mg. per 100 gm. of 
fresh tissue was found. 

The testes of squid (Loligo) were submitted to a similar examination. 
Whereas the entire testes seemed to contain from 70 to 116 mg. of creatine 
per 100 gm., the acid extract contained only from 28 to 32 mg. and, after 
correcting for the color developed uithout previous heating, only from 13 
to 17 mg. It is believed that these tissues contain chromogenic substances 
other than creatine or creatinine and that values of 50 mg. or less of appar- 
ent creatine in any of our material are probably due to the presence of such 
other chromogenic materials. 

The investigation then developed in two directions. The question arose, 
IS the creatine present in sea urchin testes present as creatine phosphoric 
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acid? Dr. Milton Levy undeiiook to answer this question at Woods Hole. 
The sea urchins avcailal)lc yielded too little material, but starfish {Askrias 
forhesi) were more satisfactory. He found that the testes, but not the 
ovaries, yielded a large amount of chromogenic substance on heating Tvith 
dilute acid, and that the testes contained a corresponding amount of labile 
pliosphoric acid, 

A number of attempts \vere made to prepare pure creatine phosphoric 
acid from the sea urchins available in New York or from vertebrate testes. 
Most of these were unsuccessful. However, after substitution of picric 
acid for trichloroacetic acid in extracting the tissues, it was a simple matter 
to prepare the calcium salt in pure form and quite satisfactory yield from 
the testes of the carp. 

The other part of the investigation was concerned with the possible 
occurrence of creatine in other forms. These were collected at Roscoff, 
Concarneau, and Banyuls-sur-Mer in France, at Naples, at I\forrow Bay, 
California, and at St, Andrews, New Brunswick, Jis is evident from Tabic 
II, the concentration in the testes or in the speim-laden portions of some 
of the animals far exceeds that found in others. As explained above, it is be- 
lieved that the lower values do not represent creatine at all. However, there 
can be little question but that A^alues of 100 mg. or more of apparent creatine 
per 100 gm, of tissue are due largely'' to creatine. The substance has actually 
been isolated from three or four forms, representing tAVO different phyla of 
invertebrates. It Avould appear, •therefore, that creatine is a constituent 
of the sperm of annelids, Echiuridae, echinoderms, Tunicata, andBalano- 
glossidae, but is probably absent from that of mollusks and Crustacea, and 
presumably of other arthropods as well. 

Since this work was begun, several papeis on the subject have appeared. 
Reference has already been made to the isolation of arginine phosphonc 
acid from the muscles of As^aews Jhivtaiilts and Octopus vulgaris (7, 8). Ii' 
addition, Eggleton and Eggleton (14) showed that Ampliioxus contains a 
phosphagen that resembles creatine phosphoric acid in its rate of hydrolysis 
and in the effect of molybdic acid upon this hydrolysis. Colorimetnc 
estimations indicated a creatine content equal to that of the skeletal muscle 
of vertebrates. They were unable to find any evidence of the presence of 
such a phosphagen in the muscle of representative arthropods, mollusks, 
echinoderms, annelids, and coelenterates, nor did they find any colorimetnc 
evidence of the existence of creatine in any of these. 

Riesser and Hansen (15) came to a very different conclusion; that 
creatine phosphoric acid is of general occurrence among invertebrates. 
However, as Needham and associates (16) pointed out, the precipitation of 
inorganic phosphate by Riesser and Hansen was probably not complete 
and that what Riesser and Hansen determined was merely phosphate not 
precipitated by magnesia mixture. 
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the 1 ‘atc of decomposition of creatine phosphoric acid is greatly 
accelerated by molybdic acid, that of ar^nine pho«?phoric acid is retarded. 
Using these facts as criteria, Is^eedhara, Needham, Baldwin, and YudMn 
(10) undertook a comprehensive sun'ey of invertebrates for the presence of 
these two phosphagens. The jaw muscles of Strongylocentrohis seem to 
contain both. Although Walpole^s diacetyl test for creatine was negative, the 
results obtained by the colorimetric estimation of creatinine after heating 
in an autoclave yielded values that agreed with those calculated from the 


Table II 

Determination of ^^Appareni Creatine^^ in Various Tissues Preserved vrith Alcohol 


Spcacs 

Tissue 

Collected at 

Crea- 

te 

ifttia.. . . 

Testes 

Concarneu 

rtg.ptr 

mgrt. 

30 

I^angoustine 



36 

** 

Ovaries 

it 

46 

Sipunculus nudus 

Cndifferentiated sex 

ft 

25 

Sahellaria alveolate. 

! gland 

Females 

ii 

39 


Males 

it 

66 

Annelid, unidentified 

Sperm-laden segments 

tt 1 

3S5 

Chaetopterus vareopedatus 

Posterior “ 

Xaples 

lOS 

Diopatra neopolitana 

it 
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Andovinia filigera 

Whole 

It 

266 

Balanoglossus 

Proboscis and collar 

(t 

312 

Glossohalanus samiensts 

if tt tt 

Concameau 

203 

ti tt 

Piece with ripe sperm 

If 

250 

Urechis caupo* 

Spermatozoa 

1 Morrow Bay 

1 6SSt 

tt ft * 

Xephridia with sperm 

tt tt 

707t 

jlltcrocosmus sulcatus 

^Gxed gonad 

\ BanyuIs-sur-Mer 

i 9S 

Holothuria tuhulosa 

Testes 

; ri 

m 

Cucumaria frondosa^ 

** 

St. Andrews, X.B. 

92t 


* Collected by Dr. D. M. Whitaker 

t Per 100 gm. of dried material previously’ extracted with alcohol and ether. 

X In aqueous extract 
§ Collected by Dr. A H. Loira 

rate of liberation of phosphoric acid. This is true only’ jf one assumes the 
same degree of conversion (40 per cent) of creatine into creatinine in the 
extracts of muscle as occurred in the controls with solutions of creatine. 
From the description given by the authors ((10) p. 2G5), it would appear that 
they heated the filtrates from a precipitation with copper sulfate and cal- 
cium hydroxide without pre%ious acidification. Under these conditions, 
it is not surprising that the conversion of creatine into creatinine was not 
quantitative, and it is also much more doubtful that the chromogenic 
material w’as creatinine. 
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Needham and associates found no creatine ]ihosphoric acid in tlic muscles 
of ascidians. This agrees M'ith the ^vork of FloRsncr (17). He used the 
internal mantles of 7000 specimens, mostlj"' Ciona inicslmalis, with some 
Phallnsia mamviilaia. This furnislied enough material to yield 1.3 gm. 
of adenine picrate and 0.8 gm. of hypoxan thine silver; yet the extracts \Ycre 
negative to Weyl's and JalTe's tests. It would ajipear, therefore, that the 
chromogenic material obtained by the present wiiter on heating the muscle 
fibrils of Bolienia with acid was not creatinine. 

For Balanoglossxts, Needham and associates rcjiorted from 0.039 to 
0.077 mg. of labile phosphonis resembling creatine phosphonc acid per gm. 
of muscle in vai-ious parts of the bod 5 ^ A mixture of the extracts of these 
tissues, calculated from the lalnlc phosphonis content to contain 0.68 mg. 
of creatine, yielded 1.10 and 0.90 mg. when analyzed by Walpolc^s diacetyl 
method and 0.82, 0.8G, and 0.91 mg. when heated in an autoclave and 
analyzed with the Jaffe reaction, and a convcision factor of GO percent. 

Our figure for the proboscis and collar region of Balanoglosmis is 3.12 mg. 
of creatine per gm., or more than 12 times that calculated from the labile 
phosphorus reported for the same region b^^’ Needham, Needham, Baldwin, 
and Yudkin. 

These workcis found no evidence for the presence of creatine phosphoric 
acid in the muscles of any of the annelids examined. Our own results for 
SabcUaria alvcolata arc in accord with thi.s. However, the high values for 
creatine found in the spenn-ladcn segments of a number of annelids ^Yere 
in all probability due to the actual presence of creatine. In tlie case of 
Urcchis canpo this wa.s confirmed l\v actual isolation of potassium creatinine 
picrate. 

Using the rate of hj^drohysis as indicator, Ncedliam and associates (10) 
found only arginine phosphoric acid in the muscles of Synapla inhaerens. 
Adding to this the demonstration of arginine by means of arginase, Meyer- 
hof (9) found onl}" arginine ^phosphoric acid in the muscles of Holothw'ia 
inbxdosa. In another specie.s of the same order, CitcinnaJ'ia frondosUy Verj- 
binskaya, Borsuk, and Kreps (13) found that the rates of hydrolysis 
indicated the presence of both creatine and arginine phosphoric acids. 

In 1930, Baldwin and Needliam (18) reinvestigated the i^ature of the 
phosphagens in echinoderms. Their criterion was the formation of such 
compounds by tissue extracts in the presence of added creatine or arginine, 
3-phosphoglycerate, and adenylate or adenyl pyrophosphate. 

With extracts of Cncumana frondosa, they found pbosphagen to be 
formed onl}'* when arginine was present. However, with extracts of Para’ 
cmirotxis lividus and Sphacrcchimis graxudaxis, they found that phosphagens 
were formed from both bases. 

The identity of the substance formed from arginine was confirmed by 
precipitation of the barium salt, with subsequent hydrolysis to yield a mate- 
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rial giving Sakagu chi's reaction and forming urea, when treated with 
ar^ase. 

There was no such confirmation of the formation of creatine phosphoric 
acid. This 'was determined as the phosphorus not precipitated hy barium 
acetate and ''soda" at pH 8.5, yet reacting \rith the Fiske-Subbarow rea- 
gents ^rithin 30 minutes. According to a letter from Dr. Baldwin, “soda" 
was sodium hj'droxide, not carbonate, and the protein trichloroacetate was 
not removed before adding the barium acetate and alkalinizing to phenol- 
phthalein. After centrifuging, the supernatant fluid 'was treated with the 
Fiske-Subbarow' reagents. Baldwin and Needham seem to have over- 
looked the fact that some protein trichloroacetate would be expected to 
dissolve and that the excess of barium acetate w’ould leduce the acidit 3 ’ of 
the mixtures. Since the latter might lead to a reduction of motybdic acid 
hy some tissue constituent, the e'^idence adduced for the presence of the 
specific enzymes cannot be regarded as satisfactoiy". Still less can it be 
held to support the riew that creatine phosphoric acid is actualb" present in 
echinoid muscle. Urease is present in the soy bean and in the jack bean, 
but there is nothing to indicate that urea plays any part in the physiology’ 
of these beans. 

It is not the purpose of -this paper to discuss the various suggestions that 
have been made regarding the genetic relations of the various phyla. How- 
ever, the proved pi'esence of creatine in Echinodermata and in Echiuridae 
and its probable presence in other Annulata point to a genetic relation of 
these phyda to the chordates, while the absence of creatine from the testes 
of nematodes, arthropods, and moUusks seems to indicate that these phy’la 
stand in no such relation to the chordates, but represent one or more entirely’ 
different lines of development. 

I am indebted to the dii*ectors and staffs of the Mount Desert Island 
Biolo^cal Laboratory, of the Hopkins Marine Station, Pacific Grove, of 
the Biolo^cal Station, Saint Andrews, New* Brunswick, of the Laboratoire 
de Zoologie maritime, Banyuls-sur-Mer, of the Laboratoire de Zoolo^e 
maritime, Boscoff, of the Laboratoire de Zoologie et de Phyriologie mari- 
times, Concameau, and of the Stazione zoolo^ca di Napoli for their coop- 
eration in securing specimens, and to Dr. Milton Levy’ and to Dr. A. Lo 
Presti for permission to publish their results. 

EXPEnnrEXTAL 

The method employ’ed for the determination of creatine in fresh tissues 
w*as a slight modification of that of Ochoa and Yaldeca.sas (19). Larger 
amounts of tissue were used, and, after the addition of picric acid, the 
mixtures w*ere diluted to a definite volume. After filtration, aliquots were 
used for the determinations. 
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The materials collected in France and Italy were weighed and trans- 
ferred to alcohol. Several months later the contents of the bottles, except 
the Microcosmxis and Holoihtiria material, were transferred to beakers, 1 ml. 
of 2 N HCl added for each gm. of tissue, and the mixture heated on the 
water bath to drive off the alcohol. Tliey were then diluted to a volume 
in ml. equal to 10 times the weight of the tissue in gm. After heating at 
125^ for 40 minutes, the mixture was treated with an excess of solid picric 
acid, diluted to a definite volume, and after thorough shaking and satura- 
tion filtered. An aliquot was taken for analysis. 

Isolation of Creatine and Creatinine Potassium Picrate 

(a) From Testes of Sirongyloceniroius — The testes were dropped into 1500 
ml. of alcohol as soon as they Avere removed from the animals. A total of 
1246 gm. was used. After being stirred thoroughly, the material was set 
aside overnight. It was then filtered through muslin. The residue was 
extracted three times with alcohol and three times ^vith ether. The alcohol 
extracts were added, and the mixture Avas allowed to stand. The precipi- 
tate was filtered out, taken up in water, acidified with HCl, and filtered. 
Anal^'ses indicated the presence of 0.222 gm. of creatine. The remainder 
of the solution was treated nrith basic lead acetate, filtered, and the filtrate 
was freed of lead with H2S and then evaporated at 20 mm. to small volume. 
On standing, ciystals separated. These wore recrj'stallized from water. 
The yield was 0.202 gm. Upon drying at 100*^ they lost 12 per cent water. 
Calculation for creatine hydrate, 12.06 per cent. 

The material insoluble in alcohol and ether was air-dried and then ex- 
tracted three times with water acidified to Congo red writh hydrochloric 
acid. The combined extracts contained 794 mg. of creatine. They were 
evaporated at 20 mm. to small volume and the glycogen was precipitated 
with an equal volume of alcohol. After dilution and treatment Avith lead 
acetate and H 2 S, the filtrate was again evaporated in vacuo. Upon stand- 
ing, 0.267 gm. of crystals Avas obtained. These contained 12.2 per cent 
AA^ater. They Avere combined with those previously obtained. 1.49 mg. of 
the mixture yielded 1.28 mg. of creatinine; calculated, 1.285. 

The filtrates from the creatine AA^ere made strongly acid Avith HCl and 
evaporated to dryness on the Avater bath. The residue Avas extracted Arith 
alcohol and this extract in turn was eA’^aporated. This Avas continued until 
there Avas no residue insoluble in alcohol. The residue Avas then taken up m 
Avater and Avarmed Avith 0.32 gm. of K2CO3 and 3.6 gm. of picric acid. The 
crystals that separated on cooling Avere recrystallized. They Aveighed 
2.4 gm., melted at 240-242^, and contained 75 per cent picric acid and 
18.40 per cent creatinine. Calculated for potassium creatinine picratc, 
picric acid 75.2 per cent, and creatinine 18.55 per cent. 
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The total amount of creatine in the extracts was 1.0 IG gm. Of this, 
there were isolated as the h 5 ’'drate 0.413 gin. and as potassium creatinine 
picrate 0.516 gm,, a total of 0.929 gm. 

(b) From UrccJiis canpo — ^The material consisted of two specimens col- 
lected by Dr. Wliitaker. One consisted of sperm expressed from Ii\ing ani- 
mals, the other of sperm-laden nephridia obtained by dissection. The 
specimens had been placed in about 10 volumes of alcohol. Upon receipt, 
the alcohol was decanted and the insoluble material was twice axtracted 
with ether. The combined alcohol and ether extracts were evaporated at a 
low temperature and lipids were precipitated b 3 ' the method of Koch and 
Woods ( 20 ). The materials insoluble in alcohol and ether w'ere dried, 
weighed, and pow’dered. The^" w’ere then mixed with 30 or 40 volumes of 
water and acidified to Congo red ndth H;SO<. After 2 daj's in the ice chest, 
these mbetures w’ere filtered and the filtrates were combined with the fil- 
trates from the lipid precipitation. Aliquots w'erc taken for a determina- 
tion of the creatine. The remainder of the extracts, ha\’ing an apparent 
creatine content of 22 mg. of creatine, was combined, treated with lead 
acetate, and then with H 2 S. The filtrate was treated with HCl and evap- 
orated to dryness. After repeated extraction with alcohol and evaporation 
until no material insoluble in alcohol remained, 10 mg. of K 2 CO 3 and 70 mg. 
of picric acid were added. There were obtained 54.2 mg. of crystals melting 
at about 255°, and containing 75.2 per cent picric acid and 18.6 per cent 
creatinine. The crystals accounted for 53 per cent of the apparent creati- 
nine content of the combined extracts. 

(c) From Microcosmus sitlcalus — 145 gm. of the mixed gonads were pre- 
served in alcohol. After 9 months, the alcohol was decanted and the residue 
w*as extracted with absolute alcohol and then with ether. The combined 
alcohol extracts were evaporated at low’ temperature. The ether extract 
W'as added and the mixture w'as extracted in a separately^ funnel with several 
changes of water. The material insoluble in alcohol and ether was ground 
to a pow’der and extracted ov'ernight with 300 ml. of water at 4°. This 
was added to the aqueous w'ashings of the alcohol-ether extract. Anal\'sis 
indicated the presence of 143 mg. of creatine. Attempts at its isolation as 
creatine zinc chloride or as potassium creatinine picrate failed. However, 
more than 70 per cent of the creatine could be accounted for in the chromo- 
genie power of the picrates obtained. 

(d) From Hohlhuria lubidosa — 105 gm. of testes w'ere prescrx’cd in alcohol 
and subsequently treated in the same manner as the Urcchis spenn. The 
combined aqueoirs extracts contained 54 mg. of apparent creatine. The 
protein residue, on autocIa\ing, yielded 2S mg. The aqueous extracts 
yielded 0.1155 gm. of a potassium creatinine picrate, w hich melted at 255°, 
but contained only' 73.4 per cent picric acid instead of the expected 75.2 per 
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cent, and only 17.2 per cent cieatininc instead of the expected 18.55 per 
cent. The chromogenic value of this jiicratc accounted for 39 per cent of 
the total apparent creatine in the original exinacts. 

(e) From Cuewnaria frondoha — 29 gni. of testes ucj'c J^indJy collected by 
Dr. A. H. Lcim in 1941 *and placed in 285 ml. of 95 per cent alcohol. In 
1945, they were treated in much the same manner as described under (a). 
Analysis of the acid aqueous extract indicated the presence of 27 mg. of 
creatine, or 92 mg. per 100 gm. of fresh tissue. In spite of the loss of about 
half of the material, there were isolated 3G mg. of a picrate decomposing 
at 245® and containing 75.8 per cent picric acid and 17 per cent creatinine. 


Table III 

l8ola(ton and IdcntiJicaCion of Calcnim Salt of Cicahne F/iospfioric Acid from Tesks 

of Carp 


1 

Per 100 gm. of tissue 1 

1 

Preparation 

127 

Preparation 

135 

Preparation 141 


wr. 

1 

mm 

Phosphorus, precipitated by Ca(OH )2 

25.0 

28,8 1 

Bm 

** labile in filtrate 

25.2 

22.9 


Creatine, in filtrate j 

100 

145 


Total tissue 

HIHRC 



Yield 


■B 


per cent | 

per cent 

Calcium, calculated for CJIsOjNjPCa- - i 

12.9 

12 46 

4HiO, 12.47% 




Phosphorus, calculated for CiHsO.NjPCa- - 

9.63 

9.62 

4HjO, 9.66% 

1 



Creatine, calculated for C(HsO,KiPCn- - 

! fO 5 

40 3 

4H50, 40.8% 

1 








Preparation of Calcium Salt of Creatine Phosphoric Acid from Testes of 
Carp — The fish were purchased in local markets and placed in tap water at 
room temperature. The receptacle was placed in the cold room (5®) and 
the water was aerated continuousl 3 x The next day the fish were opened 
and the testes were removed, weiglied, and ground with solid picric acid. 
4 ml. of a cold, saturated solution of picric acid were added for each gm. of 
testes. After being stirred for a few minutes, the mixture was filtered. 
The filtrate was treated with 0.1 volume of a 10 per cent solution of calcium 
chloride and enough sodium hydroxide solution to make it alkaline to 
phenolphthalein. The subsequent procedure was that of Fiske and Subba- 
row (6). One precipitation with 3 volumes of alcohol and three ^ritli 1 
volume of alcohol yielded an almost colorless product that yielded satisfac- 
tory data upon analysis. 
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The precipitate produced by calcium chloride and sodium hydroxide was 
extracted Avith dilute nitric acid and saturated with picric acid. The in- 
soluble material was filtered out and the phosphate in the filtrate was pre- 
cipitated as ammonium phosphomol^'bdate. This was filtered out, washed, 
and dissolved in dilute ammonium hydroxide. Ammonium magnesium 
phosphate was then precipitated, removed by filtration, and weighed as 
such. 

Labile phosphoric acid was estimated by acidifying a small portion of the 
alkaline filtrate, heating this to 70°, and then making it alkaline again. 
After standing overnight, the precipitate was centrifuged out, washed, 
and then used for a colorimetric determination of phosphorus (Table III). 

SXJM1L\RY 

Creatine phosphoric acid was isolated as the calcium salt from the testes 
of the carp. The presence of creatine in the testes of StrongyJocentroius^ 
Hohthuria iuhulosa, Cxtcumaria frandosa, and Urechis caupo was demon- 
strated by its isolation as such or as potassium creatinine picrate. In two 
ascidia (BoUenia and Microcosmus), in Balanoglossus and Glossohalanusj 
and in various annelids satisfactory isolation was not accomplished, but 
the amount of chromogenic material and some of its properties indicated 
very strongly that it actually was creatine. In the case of Asterias forhesi, 
the apparent creatine was accompanied by an equivalent amoimt of labile, 
organic phosphoric acid. In the testes of arthropods, mollusks, and of a 
nematode {Ascarzs)^ the amount of chromogenic material was so low as to 
indicate that no creatine was present. 

The phjdogenetic significance of these obser\’ations is discussed briefly. 
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In 1938 Schantz, Elvehjem, and Hart (1) reported that rats, calves, 
and pigs which received liquid skim milk as their sole diet excreted a 
considerable amount of galactose in the urine. No such excretion oc> 
cun’ed when whole milk was fed. In studies Tslth the rat it ivas foimd that 
the addition of 3 to 4 per cent of fat to the skim milk completely prevented 
the urinary loss of galactose, and further investigation proved the fatt}’^ 
acid fraction of the fat to be responsible for this phenomenon fl, 2). The 
use of various s 3 Tithetic triglycerides showed that the even numbered 
fatty acids of more than 10 carbon atoms were effective. Compoimds 
such as choline, gU^'cerol, etc., vere ineffective in preventing the loss of 
galactose. 

Zialcita and jMitchell (3) in 1945 concluded from studies made with 
synthetic rations containing lactose that fat as such had no influence on 
the utilization of galactose b}^ the rat. The basal ration used consisted 
of lactose 48, fat 28, Salts 4 (4), and casein 20, Approximatety equal 
urinary" galactose losses were obtained when either butter fat or glucose 
comprised the “fat^* portion of the diet. Somew’hat lower e.xcretiomj 
w’ere found w*hen the fat used w’as com oil. The suggestion was made that 
com oil might contain in the non-gb^ceride fraction some substance which 
influenced the metabolism of galactose. 

In the present paper more detailed data are given concerning the in- 
fluence of fat on galactose utilization w’hen skim milk or sjmthetic rations 
containing lactose or galactose were fed to rats. 

EXPERIMENTAL 

Male albino rats of the Sprague-Dawle 3 " strain w'eighing approvimatety 
200 gm. were used in all of the experiments. Each animal was kept in 

• Published with the approval of the Director of the Wisconsin Agricultural E\- 
periment Station. This work was supported in part by funds granted by the 
National Dair;>' Council, Chicago, on behalf of the American Dairj' Association^ 
also from funds granted b}’ the Evaporated Milk .Association, Chicago. We are 
indebted to Merck and Compan}”, Inc , Rahway, New Jerse}', for supplies of the 
s3Tithctic B vitamins and a-tocophcrol; to the Winthrop Chemical Company, Inr., 
New York, for cr 3 'slaHine vitamin D-; and to The Wilson I^aboratorics, Chicago, 
for the liver powders. 
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an individual mre mesh cage. 24 or 48 hour urine samples were col- 
lected under toluene with adequate precautions against contamination 
from either food or feces. A number of collections were taken on each 
regimen until constant galactose excretions were obtained. Food con- 
sumption records were kept. Sugar determinations were made by a slight 
modification of the Shaffer-Hartmann method (5), with the factor 1,22 to 
convert the values to galactose. 

Studies with Milh Diets — Unpastcuvized skim milk obtained daily from 
the University creamery was mineralized with 12 mg. of ferric pyrophos- 
phate (Mallinckrodt N. F. VII), O.G mg. of CuSO^ ‘51120, and 0.6 mg. of 
MnS04 -41120 per 100 cc. The liquid milk contained 4.65 per cent of 
lactose (equivalent to 2.45 per cent galactose). A commercial skim milk 
powder which contained 40.5 per cent lactose on a dry basis (equivalent 
to 24.5 per cent galactose) was mineralized so that each 10 gm, of powder 
contained the amounts of the minerals given above. Butter fat was 
prepared by decantation and filtration of the fat portion of melted un- 
salted sweet cream butter from the University creamery. To each 100 
gm. of fat were added 2.24 mg. of a-tocopherol, 0.210 mg. of 2-methyM ,4- 
naphthoquinone, 0.50 mg, of j(?-carotenc, and 0,014 mg. of calciferol. 
The fat was incorporated into the liquid diets by means of a liand homogen- 
izer. Each animal on the fat-free diets received 3 drops of corn oil per 
week Avhich contained the fat-soluble vitamins at levels calculated to 
furnish the amount of each ingested by the fat-fed rats. Water was 
furnished ad libitum to all animals on the non-liquid rations. 

Three rats were placed on each of the regimens showm in Table I, and 
the designated amount of each ration was offered to each animal daily. 
The galactose furnished per rat per day in Groups I to VI inclusive was 
2.45 gm., provided all of the allotted ration was consumed. 

The results of these experiments arc shown in Table I. It is evident 
that the urinary excretion of galactose by mts fed cither liquid skim milk 
or skim milk powder was markedly lowered Avlien fat was incorporated 
into the ration. This decrease was not due to a reduced galactose intake 
by the animals receiving fat, for in Groups I and II five of the six rats 
each consumed 2.45 gm. of galactose daily. Of this amount those in 
Group I lost an average of 0.575 gm. in the urine ((ratio, excretion to in- 
gestion) X 100 = 23.5), while only 0.080 gm. was excreted by those in 
Group II ((ratio, excretion to ingestion) X 100 = 3.27). The same fact is 
clearly evident in Groups VIII and IX. A comparison of Groups HI to 
VI reveals no apparent effect of the large water intake on the loss of galac- 
tose. 

To determine the effect of glucose on the utilization of galactose three 
rats were fed 100 cc. of skim milk until the average loss of sugar was con- 
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stanfc. A supplement of 9 gm. of glucose was then given to each rat daily. 
After coastant losses were again obtained, the glucose addition was 
stopped, and the animals were fed only the 100 cc. of skim milk. The 
data given in Table II show that the added glucose decreased the galactose 
excretion to some extent. 

Studies with Lactose Synthetic Diets — The effect of fat on the urinarj" 
loss of galactose by rats fed lactose sjmthetic rations was studied with 
the diets shoum in Table III. The ration designations **medium’^ and 
“high plus liver” refer to the levels of B \itamms in each. Twenty-four 

T.vbjli; I 

Influence of Fat on Galactose Excretion bi/ Male Rats Fed Skim Milk or Skim Milk 

Powder Rations* 


Galactose ingestion and excretion expressed in gm. per day. 


Group 

No. 

Ration per rat per day 

GaUctose 

ingested 

Galactose 

excreted 

Ingestion 

Rat 

1 

Rat 

2 

R&t 

3 

Rat 

1 

Rat 

2 

Rat 

3 

Rat 

J 

Rat 

2 

Rat 

3 

I 

100 cc. skim milk 

2.45 

2.45 

2.45 

0.W5 

0.377 


22.2 

15.4 

32.S 

II 

100 “ + 4 gm. 

butter fat 

2.16 

2.45 

2.45 


■ 

H 

2.27 

3.43 

3.10 

III 

10.2 gm. skim milk powder 

2.45 

2.45 

2.45 

0.874 



35.6 

29.4 

20.8 

IV 

10.2 ” “ “ 

+ 4 gm. butter fat 

1.96 

1.81 

1.85 

0.191 

H 

H 

9.74 

5.53 

5.40 

V 


2.45 

2.45 

2.45 

0.425 

H 

0.626 

17.3 


25.5 

VI 

10.2 gm. skim milk powder 
-k 4 gm, butter fat -f 
HjO to 100 cc. 

2.45 

1.52 

1.65 

i 

1 

0.147 

B 

0.035 


2.30 

2.12 

1 

VII 

150 cc. skim milk 

3.6S 

3.CS 

3.68 

1.16 

0.625 

1.00 

31.5 

17.0 


vni 

80 “ " 

1.96 

1.96 

1.96 

0.571 


B 

29.1 

mKm 


IX 

SO “ “ 4- 3.2 

gm. butler fat 

1.96 

1.96 

1.96 

'0.240 

n 

■ 

12.2 

4.24 



* Each figure represents the result from one rat. 


male rats were di\'ided into four groups; two gioups received the medium 
Wtamin ration with butter fat and corn oH, respectively, and two groups, 
the high vitamin ration with the two fats, respectively'. Both fats w'ere 
fortified with the fat-soluble vitamins at the levels given in the pre\ious 
section. 

The animals had received their respective rations during a G w'eeks 
growth period prior to being placed on this experiment.* They w’ere 
maintained on the 48 per cent lactose level until constant urinary' galac- 

* For growth rates of these animals sec Boutwcll et al. (6). 
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Taiile II 

Itijlifcnct of GtucoiiC on Galactose ExtrtUon by Male Hats Fed lOO Cc. of Skm Mtlk 

per Day 

Each figuio represents the average of the same three animals. 


Days on experiment 

Glucose* per 100 cc of milk 

1 Galactose excretion ^ 

1 Galactose ingestion 

20 

1 fw 

' 0 

39.3 

27 

' 0 

37.3 

37 

Glucose supplements started 


5C 

9 

17.7 

61 

9 

20.0 

76 

9 

18.5 

77 ; 

Glucose supplements discontinued 


lOS 

0 

31.2 


* Corclose; ronimercial glucose monohydratc. 


Tabix III 


Coinposilwn of Lactose Synthetic Rations 



1 Vitamin Ie\ cl 


1 Medium 

1 



parts 

1 parts 

Carbohydrate* 

48 

48 

Fat 

28 

1 28 

Caseinf 

20 

1 20 

Salts At 

4 

4 

Liver pow’dor§ 

0 

1 

i 

mg per 100 gm. 

mg per 100 gm. 

Thiaimne i 

0 200 

0.600 

Riboflavin 

0 300 

0.900 

Pyridoxinc | 

0.300 

0.900 

Calcium pantothenate , 

1.500 

6.000 

Choline 

100 00 

200.00 

Nicotinic acid 


1.000 

Inositol 


100 00 

p-Aminobenzoic acid 


30.00 


*a“Lactosc (monohydratc) U S P. Merck, and d-glucosc (monohydratc), com- 


incrcial ccreloso 

t Extracted tujce with ethyl alcohol and twice with diethyl ether, 
i Hegsted d (I). 

§ Wilson's whole liver powder added at the expense of the ration not fat. 


tose losses were obtained. The dietary lactose le^el w'as then dropped 
through steps of 40, 32, 24, and 16 per cent, each level being fed unti 
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constant excretions of galactose were secured. In each case the remainder 
of the 48 per cent of carbohydrate A\as made up of glucose. Table IV 
shows the lactose (and eqmvalent galactose) levels fed, and the per cent 
of the ingested 'galactose excreted in the urine. 

Decreasing the lactose level from 48 to 40 per cent reduced the urinarj' 
loss of galactose in each butter fat group from an average of 15.5 to 7.9 
per cent. Lowering the lactose level to 32 per cent caused a still further 
drop in the amoimt of galactose lost. Butter fat was slightly less effec- 

T.^ble IV 

Results of Expenments unth Sunlhelic Rations Containing Lactose 
Each figure represents the average of three male rats. 



* The per cent of galactose furnished by each diet equals one-half the per cent of 
lactose. 

t Gm. galactose excreted 

X 100 

Gm. galactose ingested 

I Average of tn o male rats 


tive than com oil at the higher lactose levels. The significance of the 
slightl 3 " lower excretions on the high ritamin B rations must await further 
study. 

Studies XDith Galactose Synthetic Diets — The influence of fat on the uri- 
nary' excretion of galactose by animals fed diets containing galactose as 
such was studied with the rations given in Table V. The level of the B 
ritamins in these rations was that given in Table III under the “medium” 
\itamin ration. The fat-soluble \itamins were incorporated into the fat 
as described previously. Groups of three rats each w*ere placed on Rations 
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G-2, G-3, and G-4 at galactose levels of 70, 24, and 33.3 per cent, respec- 
tively. After constant urinary galactose losses v’cre obtained, the galac- 
tose level of each diet was lowered to the next per cent inth a correspond- 

Tahu; V 


Com'position of Galoctosc Hynlhdic Rations 


1 

Component | 

Ration G-t j 

1 

Ration G-2 | 

Ration G-3 

Ralion*G-4 


per ccttl 

per cent 

per cent 

per cent 

Butter fat 1 

0 

10 1 

28 

40 

Carbohydrate j 

80 

70 1 

48 

33.3 

Casein 

IC.7 


20 

22.2 

Salts 4 

3.3 

msM 

i 4 

4.5 

Liver concentrate* 

2.0 

1.0 

1.0 

1.0 


Composition of carbohydrate .portion 


Galactosef | 

6 12 2\ 

70 24 12 6 

2i 16 12 6 33.3 24 

16 12 6 

GlucoseJ 

74’ 68’ 56 

3 

§ 

1 ^ 

fo 

2^32’ 36’ 42’ 0 ’9.3 

17.3’ 21.3’ 27.3 


* Wilson 1:20 liver concentrate; added at the expense of the ration not fat. 
t d'Galactosc (anliydrous') practical, Pfanstielil. 
i ff'Glucose (anhydrous) c.r., Alerck. 


TAm.K VI 

Results of Experiments with Syyithciic Rations Containing Galactose 
Each figure represents the average of three male rats. 


Kat in ration 


Galactose 
in ration 

0 per cent 

10 per cent 

2S per cent 

^0 per cent 

Galactose 

100- 

Galactose 


Galactose 

100 

In. 

Galactose 

In. 


inRCstcd 

inKCslcd 

luO 

In. 

inpe*stcd 

inKcslcd 

per cent 

sm. per 
day 


sm per 
day 


cm. per 
day 


gm. Per 
day 


6 

1.82 

24.1 

1.35 

is.it 

1.33 

9.63! 

1.07 

7.62 

12 

2.00 

51.8 

1.46t 

25. 4t 

0.93 

23.2 

2.21! 

19.2! 

16 

2.35 

46.1 ' 

1.86 

35.6 1 

1.45 

33.5 ! 

0.97 

22.9 

24 



3.39 ! 

57.7 ; 

1.87 ; 

53.5 1 

1.41 ; 

42.1 

33.3 



i 

1 

1 

1 

1 


2.46 

49.4 

70 



15.4 1 

08.7 

1 

1 

1 






* Gm, galactose excr eted 
Gm. galactose ingested 
t Average of two rats. 


ing increase m glucose, as slio^vn in tlie appropriate column of Table V, 
and the sugar excretion was again followed until constant results were 
obtained. This process was repeated until all of the galactose levels 
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shoun had been studied. The rats on Ration G-3 were then placed on 
the fat-free ration, G-1, at a galactose level of 6 per cent. Excretion stud- 
ies were carried out as before, but in this case the changes in dietary galac- 
tose concentration were in an upward direction. The results are given in 
Table ^ 

Fat decreased the loss of galactose, but not to the same extent as when 
the dietary galactose was furnished in the form of lactose. At the lower 
galactose levels the fat effect was greater than at the higher levels. There 
is an approximate linear relationship between the loss of galactose and the 
per cent of galactose in the diet, 

niscussiox 

The results reported in this paper confirm the conclusion of Schantz, 
Elvehjem, and Hart (1) that fat increases the utilization of galactose 
by the albino rat. The latter investigators studied this phenomenon 
almost exclusively on a liquid skim milk basal ration, and found not only 
that various fats such as butter fat, coconut oil, etc., were effective, but 
also that the fatty acid fraction was the active component of the fat. 
Through the use of various S 3 mthetic triglycerides it was shown that only 
the even numbered fatty acids above 10 carbon atoms could function in 
lowering urinary galactose loss. Glucose was found to be slightly effective 
\rith some of the animals. 

Our studies with liquid skim milk diets are in close agreement with those 
of Schantz ct al. Animals fed 80, 100, or 150 cc. of mineralized skim milk 
e.xcreted in the urine an average of 27,1, 23.5, and 26.5 per cent, respec- 
tively, of the ingested galactose. The addition of approximately 4 per 
cent of butter fat to the skim milk. lowered the galactose losses to 3.86 
and 2.93 per cent, respectively, w’hen 80 or 100 cc. were consumed. From 
these and other data presented in Table I the following points are erident: 
(a) fat in some way influences galactose utilization by the rat, (b) the per 
cent of the ingested galactose excreted in the urine is not dependent on the 
amount of ration consumed, (c) the amount of galactose actuall}’* used by 
the rat is greatl}’^ affected by the total amount of galactose ingested, and 
(d) the large amount of water necessarily consumed on a liquid milk diet 
has little apparent influence on the galactose e.\cretion (compare Groups 
III to VI). 

The data given in Table II demoastrate that the addition of glucose to 
skim milk lowers the galactose excretion, but not to the same extent as 
does fat, although 9 gm. of glucose w’ould furnish nearly the same number 
of calories as 4 gm. of fat. An obrious effect of the added glucose is to 
decrease the dietary lactose concentration from about 45 to about 25 per 
cent on a dry basis. Since the data in Tables IV and Yl show' that the 
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loss of galactose is dependent to a large extent on the per cent of galactose 
in the diet, it would bo expected that 4 gm. of fat would be less effective 
than the 9 gm. of glucose; however, such was not the case. It is interest- 
ing to note that in 1922 Folin and Berglund (7) found that ndth a human 
subject 100 gm. of glucose greatly reduced the urinary loss of sugar which 
resulted from the ingestion of 100 gm. of galactose. 

Zialcita and Mitchell (3) reported that fat had no influence on galac- 
tose metabolism. Using a ration almost identical to the synthetic ration 
containing 48 per cent of lactose and the medium level of B \dtamins given 
in the present paper, they found that galactose losses amounted to about 
30 per cent when the fat portion of the diet was composed of either butter 
fat or glucose. 'When corn oil was used, the value dropped to 20 per cent. 
From these results the authors concluded that Schantz cl ah were in error, 
and that possibly corn oil contained a substance in the non-glyceride frac- 
tion wliich had an effect on galactose metabolism. In support of the 
former conclusion Zialcita and Mitchell (3) state, ^‘In the present study 
an artificial solid milk diet was employed. The amounts of fat or glucose, 
and the lactose involved were about the same (as milk) when converted 
to a dry basis.’* Tins statement is not substantiated by the accepted 
average composition for milk solids; namely, lactose 36, fat 29, protein 28, 
and ash 7 per cent. Table IV shows that dropping the dietary lactose 
level from 48 to 40 per cent w^as sufficient to cause a decrease in urinary 
galactose loss from an average of 19 down to 9 per cent. 

The lower excretions obtained on corn oil as compared to butter fat 
by Zialcita and Mitchell, and to a somewhat lesser extent by the present 
authors, find an explanation in the work of Schantz ct al. The latter 
workers found the fatty acids below 12 carbon atoms ineffective in pre- 
venting galactose excretion; therefore, it is to be expected that an oil such 
as corn oil, which has no fatty acids below this limit, would be more effec- 
tive than one such as butter fat which contains them to the extent of about 
9 per cent. 

In their study, Zialcita and Mitchell supplemented the rats receiving the 
glucose ration with “proper amounts of a glucose solution” in order to 
furnish as many calories as the animals on the fat-containing rations re- 
ceived. This would decrease the per cent of lactose in the animals’ daily 
diet, and might explain their obtaining approximately equal excretions on 
glucose and butter fat rations. 

A comparison of the results on the “medium” and “liigh” B vitamin 
diets shows somewhat lower average excretions in the latter case, but 
further work is necessary before a definite conclusion can be dravm. 

The results in Table VI indicate that fat also lowers galactose excretion 
when free galactose instead of lactose is used in the ration. Within rcr- 



GEYER, BOXm\’ELI/, EI/VEHJEAT, ASD HAITT 


2o9 


tain limits the per cent of the ingested galactose in the urine is in an ap- 
pro>dmately linear relationship with the per cent of galactose in the diet 
on any level of fat studied. As pointed out earlier in the discussion, the 
per cent of the galactose excreted is not dependent upon the total amount 
of ration consumed; however, the amount of galactose actually metabo- 
lized hy the rat depends upon the amount of galactose ingested. 

Dominguez and Pomerene (8) injected galactose intravenously' into 
dogs and studied the plasma concentration and urinary' e.xcretion of this 
sugar. They' found that the rate of axcretion was proportional to the 
plasma concentration, but that the constant of proportionality' was inde- 
pendent of the quantity' injected. However, the rate of utilization was 
linearly' related to the plasma concentration. It would be of interest to 
determine what effect fat would have on results obtained in this manner. 

SUMMARY 

1. Fat increases the utilization of galactose by the rat when either 
lactose or galactose is ingested. This phenomenon occurs on milk or 
symthetic ty'pe rations. 

2. The per cent of the ingested galactose lost in the urine is independent 
of the actual amount of galactose ingested, but is dependent on the per 
cent of galactose in the ration, 
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THE EFFECT OF PROTEOLTITC ENZYiSIES ON RAW AND 
HEATED CASEIN 

By NELSON R. ELDRED akd GERTRUDE RODNEY 
{From the Hesearch Laboratories, Parke, Davis and Company, Detroit) 

(Received for publication, October 27, 1945) 

It has prenously been obsen'ed (Greaves, Morgan, and Loveen (1), 
Morgan (2)) that the heating of dry casein at 140-200° only slightly' 
lessens the digestibility of the protein, but considerabl 3 " impairs the nu- 
tritional value for rats when fed at 18 per cent or lower protein levels. 
They found that the supplementation of the diet with 0.2 per cent Ij'sine 
overcame this deficiency and attributed the reduction in groui:h to injui^’ 
of the lysine present, with the possibility' that histidine might also be in- 
volved to a lesser extent. However, chemical analj’sis of heated casein 
(3, 4) detected no decrease in the amount of lysine present. The change 
produced b 3 ^ heat appeared to be in the arrangement or availabjlit 3 ' of the 
amino acids, but a definite answer to the question of the cause of lowered 
biolo^cal value has not been forthcoming. 

The pre\dous studies were made in vivo. With the development of a 
rapid, accurate method for l 3 "sine analysis (4, 5) it was of interest to de- 
termine whether in vitro studies nith cr 3 ’stalline enzymes would show 
lessened actinty' of the heated protein and a defective release of h’sine 
during digestion. Consequently^ the present study was undertaken \rith 
the crystalline enzymes, pepsin, tiy’psin, and chymotrypsin; the effect of 
crude pancreas on the raw and heated casein was also investigated for 
comparison. 


Materials 

Borden's edible casein, 50 gm., was spread out in a 6 inch Petri dish 
raised from the oven floor to prevent scorching and heated at 150° for 70 
routes. This material was ased throughout the experiments as the 
source of heated casein. 

Cry's! alline pepsin was prepared from pepsin (Parke, Da\-is and Com- 
pany) 1:10,000 by' the method of Philpot (6) and the salt-free product 
was found to contain 22.4 X 10~^ unit per mg., as was found by' Xorthrop 
(7). Crystalline try'psin and ch 3 'raotr 3 'psin were prepared from beef 
pancreas by the method of Northrop and Kunitz (8). The acthities 
were measured by' a procedure similar to that of Anson (9). The try-psin 
contained 55 per cent salt and had 0.44 unit per mg.; the chy’raotryprin 
had 30 per cent salt and 1.4 X 10"- unit per mg. 
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Raw beef pancreas, wliicli was obtained fresh from the slaughter-house, 
was freed of fat, ground in a meat grinder, and used as such. 

Lysine decarboxylase ^vas i)rc])ared from cultures of Badcrium coda- 
verts, according to tlie method of Gale and Epps (5) as modified by Zittle 
and Eldred (4), 


Methods 

The general procedure for the enzymatic hydrolysis ns follows. 

4 gm. of raw casein and 4 gm. of heated casein were each suspended in 
80 cc. of water, and the pH was adjusted to 1.8; 40 mg. of crystalline pepsin 
were then added to each flask, and, after addition of toluene and chloro- 
form, they were incubated 3 or 5 days at 37°. The pH was readjusted to 
7.8, 10 mg. of crystalline chymotrypsin and 18.4 mg. of crystalline trypsin 
were added, and incubation was continued for an equal length of time. 
The flasks were then heated for 1 hour on the steam bath, centrifuged, 
and the supernatant fluids were analyzed for total and amino nitrogen, 
and for lysine. 

In two experiments (Nos. 4 and 5) 5 times the above amounts of enzymes 
were used, with a total digestion period of only 2 days. \ATien fresh pan- 
creas was used, 1 gm. of the ground material was added to the casein 
suspensions at pH 8.0. Digestion was carried out for 25 to 2G hours. 
Total and amino nitrogen determinations were carried out by the micro- 
Kjeldahl and Van Slyke methods. 

The procedure for the anabasis of lysine was as described by Zittle and 
Eldred (4) and consisted of the determination of the CO 2 released in the 
Warburg apparatus by a standard decarboxylase suspension in phosphate 
buffer at pH 6.0. In a typical analysis, the flasks contained 2.0 cc. of 
0.2 M phosphate buffer, 0.5 cc. of heated or ra^v casein digest adjusted to 
pH 6.0, and 0.5 cc. of b'^sine decarboxylase suspension (10 mg. in 1 cc. of 
water) in the side arm. Control flasks Avere used for the determination of 
both the initial and the final dissolved CO 2 in the digests and enzyme, by 
- addition of 0.5 cc. of 2 n H 2 SO 4 . The experiment Avas run 40 minutes at 
30° in air. 


Rcstdls 

The percentages of amino nitrogen liberated by cnz^TOatic digestion of 
the raAA" and the heated casein Avere compared. 

The available lysine AA^as similarl}'’ calculated on an equal nitrogen basis 
from the ratios of the percentage of lysine liberated respectively from the 
heated and raw casein samples. The percentage of lysine liberated Avas 
determined in relation to the total protein per cc. The factor used for 
converting total N to protein Avas 6.42 and Avas calculated from the analysis 
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of Borden's edible casein, containing 14 15 per cent N, 1 75 per cent ash, 
and 7 28 per cent moisture. 

Table I gi%es the total mtrogen, amino nitrogen, and lysine contents of 
the digests from fi\ e experiments with cr> stalhne enzymes. The last t\\ o 
columns show the calculated per cent d3gestibilit3' and available hsine of 
the heated casein samples, compared with the raw casern control. Table 


Table I 


Digestion irith Crystalline Enzymes 


Experiment 

No 

Time 

Substrate, 

casern 

Total K 

NH-N 

Lysine 

Digestion, 

heated 

raw 

Ljsme 

heated 

raw 


days 


trig percc 

per cert 

rtg percc 

per eert 

per cent 

Per cert 

1 

6 

Ran 1 

5 0 

21 6 

0 3S 

1.19 





Heated 

5 8 

17 5 

0 32 

0 86 

SI 0 

72 3 

2 

i 10 

Ran 

G 54 

29 9 

1 26 

! 3 00 

1 

1 



Heated 

6 84 

27 5 

1 00 

2 29 

92 0 

76 3 

3 

6 

Raw 

6 79 

IS 9 

0 34 

0 7S 





Heated 

7 05 

IS 2 

0 22 

0 49 

96 3 

62 8 

4 

2 

Raw 

6 39 

22 6 

0 42 

1 02 





Heated 

6 33 ! 

20 6 

0 27 

0 66 

91 2 

64 7 

5 

2 

Ran 

6 22 

22 2 ; 

0 52 

1 31 





Heated 

6 79 

20 5 

0 42 ; 

0 97 

92 3 

74 0 


Table II 


Digestion with Pancreas 


Experiment 

No 

Tnne 



KHr-N 

Lysme 1 

Digestion, 
heated | 
ra* 

Lysine, 

heated 

raw 


hrs 


tng per cc 


ng percc 

per cent 

per cent 

wmm 

6 

26 

Ran 

5 69 


1 53 

4 20 


mu 



Heated 

6 02 


1 21 

3 12 

87 0 


7 

26 

Ran 

7 55 

31 1 

0 91 

1 SS 


1 



Heated 

6 SO 

2S 6 

0 73 

1 6S 

92 0 

so 4 

8 

25 

Ran 

7 OS 

27 4 

0 59 

i 1 30 





Heated 

7 12 

25 0 

0 29 

0 63 

93 6 

4S S 

9 

25 

Ran 

7 35 

31 3 

1 76 

3 74 





Heated 

7 64 

28 9 

1 3S 

2 S2 

92 0 

75 5 


II gi\es similar values for four expenments mth fresh pancreas All the 
% alues gi\ en are the a\ erages of duplicate determinations. 

DISCUSSION 

It IS apparent that digestibiht}* of the heated casein is onI> sliglith’ 
irapairerl, A\luch corroborates the work of Grea\cs, Morgan, and 
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Loveen (1). On the other hand, the amount of free lysine released by the 
enzymes is much lower after heating the casein, although the total amount 
present in the acid-hydrolyzed protein was found to be nearly the same in 
the raw casein (7.5 per cent) and the heated casein (7.7 per cent). It is 
therefore plain that a change in the availability to the action of proteolytic 
enzymes has occuri’ed during the lieating. Tins may be due to an altera- 
tion in the form of linkage. 

The enzyme lysine decarboxylase used for analysis has been shora to be 
very specific (10) and uijl not attack a-acetyl-, a-methyl-, 6-acetyl-, or 6- 
methyllysine or piperidine a-carboxylic acid. A change involving the 
€- or a-amino group of lysine would therefore affect its availability to this 
enzyme. The a-amino and carboxyl groups arc presumably bound up in 
the peptide linkages, which remain unaffected by heat, as shown by diges- 
tion Anth the crystalline enzymes. Therefore the e-amino group would 
appear to be the one involved. 

Neuberger and Sanger (11) have studied the availability of several 
lysine derivatives for the growth of rats and conclude that, although the 
easily hydrolyzed e-N-acetyllysine is nutritionally adequate, e-carbobenzoxy- 
lysine is not. The possibility exists, therefore, that a union of the c- 
amino group of lysine udtb some other group has taken place Arith the 
formation of a linkage not affected by proteolytic enzymes. 

Adamson (12) has also shown that heating dMysine produces 40 per 
cent dZ-S-aminohomopiperidine, AAuth a free a-amino group available for 
linkage. This indicates that the €-amino group of lysine enters easily 
into other linkages at elevated temperatures. 

SUMMARY 

The combined action of crystalline pepsin, trypsin, and chyniotrypsin 
on raw and heated casein has been studied. Digestion of the heated 
substrate did not differ greatly from that of raAv casein, but the available 
lysine, as determined by the specific enzyme lysine decarboxylase, Avas 
appreciably less. 

Similar results Averc obtained Arith crude pancreas as the source of pro- 
teolytic enzymes. 

The authors are indebted to Dr. C. A. Zittle for suggesting tliis problem. 
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THE INFLUENCE OF DIET ON THE RIBOFLAVIN jMETABOLISM 

OF THE RAT* 

Br J. W. CZACZKES akd K. GUGGENHEIM 

(From the Department of Hygiene and Bacteriology, The Hebrew University, 
Jerusalem, Palestine) 

(Received for publication, November 13, I&IS) 

The dependence of the ribofla'vdn requirement of the albino rat on diet is 
now well established. Mannering, lipton, and Elvehjem (1) found that 
the fat content of the diet exerts a definite influence; and in a later pub- 
lication Mannering, Orsini, and Elvehjem (2) also demonstrated that the 
kind of carbohydrate fed affects the riboflavin requirement as measured by 
the growth rate. Sarett, Klein, and Perkweig (3) found an inverse rela- 
tionship between urinary riboflavin excretion and protein intake. Unna, 
Singher, Kensler, Ta3'ior, and Rhoads (4) reported that the riboflavin 
content of the liver of rats fed low protein diets is diminished, even if the 
riboflavin intake is a liberal one. In the experiments of Richter and 
Hawkes (5) riboflavin was shown to stimulate the appetite for fat and 
protein. 

The reports mentioned above indicate the existence of a close relation- 
ship between dietetic ingredients and riboflavin requirement and metab- 
olism. We, therefore, undertook experiments in order to obtain further 
information on the nature of this relationship. 

Methods 

The rats were taken from our breeding stock, as they reached a weight of 
about 50 gm. The stock food of the rats after weaning consisted of a 
mixture of sprouted wheat, oats, and bran, supplemented by milk and 
vegetables in season. 

Under these conditions the riboflavin content of the liver, kidney, and 
muscle averaged 20, 19, and 3.2 7 per gm. of fresh tissue, respectively, and 
that of the urine and blood 0.3 and 0.55 7 per cc. respectively. In a large 
number of animals tested uniform results were obtained. 

Diets — ^The standard diet (designated Diet N) consisted of alcohol- 
extracted casein 15 per cent, rice flour 71 per cent, olive oil 10 per cent, and 
salt mixture 4 per cent. In addition each rat receh'ed 100 i.tr. of vitamin 
A and 2 i.n. of vitamin D twice a w*eek, as w'eU as 0.5 cc, of a riboflavin- 
free yeast extract, corresponding to 0.5 gm. of dried yeast, as described in a 

• These studies were supported by a grant from the Palestine Endowment Fund, 
New York. 
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former publication by Kliglcr, Guggenheim, and Bucchler (G). The ribo- 
flavin content of this diet was negligible (0.1 7 per gm.). Diet N supplied 
about 20 per cent of tlie calories. from protein, GO per cent from carbo- 
hydrate, and 20 per cent from fat. By varying the relative amounts of 
casein, rice flour, and oil the following diets were prepared (the figures 
express percentages of calories): high protein diet, protein 34, carbo- 
hydrate 49, fat 20; low protein diet, protein 11, carbohydrate 69, fat 20; 
high fat diet, protein 20, carbohydrate 40, fat 40; low fat diet, protein 20 
carbohydrate 76, fat 2. 

Riboflavin in the organs, urine, blood, and feces was estimated according 
to Snell and Strong (7). The feces were treated according to the modifi- 
cation of Strong and. Carpenter (8), which involves removal of fatty 
stimulatory substances by ether extraction. 


EXPERIMENTAL 

Riboflavin Content of Organs and Urine under Various Dickiic Condi- 
lions — Large gi’oups of rats (forty to 150) were kept on the five riboflavin- 
free diets described above. Each group was subdivided into two to five sub- 
groups, which received graded amounts of the riboflavin supplement.^ This 
varied between zero and 20 7, and was given daily per os. Each subgroup 
consisted of twenty to thirty animals. Tavo rats of each subgroup were 
killed Aveekly, and the liver, kidneys, blood, and muscle Avere tested for 
riboflavin. Before the animals A\‘cre killed a 24 hour urine sample Avas taken 
and examined also for riboflavin. Represen tatiA^’c data are giA^en in Table k 

It folloAA's from Table I that the riboflavin content of the organs and the 
urine of rats on Diet N Avithout riboflavin supplement sIioaa^s a steady 
decrease. On a supplement of 5 7 per day a slight decrease in the ribofiaAun 
content of liver, kidneys, and urine aa^os evident after 2 to 3 months of 
observation. 7.5 7 per day sufficed to maintain the riboflavin balance of 
the organism. In spite of the apparent metabolic sufficiency this ribo- 
flavin dosage does not produce optimal groAvth. Larger doses (10 and 207 
per day) cause a steady increase of riboflavin in liver, muscle, and urine. 
Three points seem to be iioteAvorthy: (1) Kidneys are sensitive to ribo- 
flavin deficiency, but they appear to be unable to store riboflavin; ( 2 ) the 
riboflavin level of the blood Avas remarkably steady. Even in severe 
deficiency no blood level Avas under 0.50 7 per cc. and this level Avas not 
elevated even after 3 months by a daily supplement of 20 75 (3) 
sensitive indicators for riboflavin supply seem to be the liver riboflavin ana 
the rate of the excretion of riboflavin in urine. 

Rats kept on the Ioav protein diet shoAved a greatly reduced organ ribo 

> We are very much indebted to ASSIA, Ltd., Tel-Aviv, for kindly Bupply»»^ 
riboflavin. 
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Table I 


Influence of Various Riboflavin Doses on Riboflavin Content of Liver, Kidneys, 
Muscle, and Urine of Rats Fed Kormal, Low Protein, High 
Protein, Low Fat, and High Fat Diets 


Diet 

RiboBann 
given 
per day 

on 

diet 

P.ibo2avm i>er gm, found in 

Liver 

Kidnej's 

ifusclc 

Urine 


y 


y 

y 

y 

y 

Kormal 

0 

4 

15 

14 

2.1 

0.04 


0 

S 

10 

10 

1.0 

0.02 


0 

12 

7 

S 

1.2 

0.02 


5 

4 

21 

20 

3.3 

0.3 


5 

S 

20 

19 

3.3 

0-2 


5 

12 

IS 

10 

3.3 

0.2 


7.5 

4 

20 

19 

3.4 

0.3 


7.5 

S 

20 

20 

3.3 

0.3 


7.5 

12 

20 

20 

3.2 

0.3 


10 

4 

22 

20 

3.5 

0.4 


10 

8 

24 

20 

3.S 

0.4 


10 

12 

25 

20 

4.0 

0.4 


20 

4 

23 

20 

3.5 

0.4 


20 

8 

27 

20 

4.4 

0.5 


20 

12 

30 

20 

4.5 

0.5 

Low protein 

7.5 

4 

11 

9 

1.5 

0.5 


7.5 

8 

7 

7 

1.2 

0.6 

! 

7.5 

12 

Dead 

Dead 

Dead 

Dead 


20 

4 

11 

9 

1.5 

0.6 


20 j 

S 

7 ! 

7 

1.1 

0.7 


20 1 

12 

Dead 

Dead 

Dead 1 

Dead 

High protein 

7.5 i 

4 

17 

17 

2.9 ; 

0.1 


7.5 1 

S 

10 1 

8 

1.3 ! 

0.02 


7.5 

12 

Dead | 

Dead 

Dead | 

Dead 


15 

4 

20 1 

19 

3.4 1 

0.3 


15 

S 

20 

20 

3.1 1 

0.3 


15 

12 

20 i 

20 

3.3 1 

0.3 

Low fat . . 

3.5 

4 

20 

19 

3.5 

0.3 


3.5 

8 

20 

20 i 

3.3 

0.3 


3.5 

12 

20 

19 ‘ 

3.4 

0.3 


7.5 

4 

24 

20 

3.5 

0.5 


7.5 

8 

26 

20 

4.1 

0.5 


7.5 

12 

27 

20 1 

4.3 j 

0.5 

High fat 

7.5 

4 

7 

7 i 

1.0 1 

0-02 


7.5 

8 

Dead 

Dead | 

Dead | 

Dead 


20 

4 

20 

20 

3.5 i 

0.3 


20 

S 

20 

20 

3.4 

0.3 


20 

12 

20 

20 

3.3 

0.3 


content. This reduction was independent of the amount of riboflavin 
administered. On the other hand, the amount of ribofla\dn which was 
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excreted in the urine by these rats was increased, the excretion rate rising 
with the amount of riboflavin given. The organism seems to be unable 
to maintain a functional level of riboflavin, and even relatively large doses 
fail to prevent secondary riboflavin deficiency. TJic rats died of aribofiav- 
inosis after 8 to 9 weeks. 

On high protein diet the requirement for riboflavin appeared to be in- 
creased. In this diet administration of 15 7 of riboflavin per day main- 
tained the vitamin in the organs and urine at the same levels as did the 
administration of 7.5 7 per day in diet N. 

The fat content of the diet exerted a very significant effect. There ap- 
pears to be an inverse relationship between the fat content of the diet and 
the amount of fed riboflavin which maintains the vitamin at a functional 
level in the organs and a normal con centration in the urine. The ribofiarin 


Tablu II 

Riboflavin Content of Fcccs from Rats Fed Various Rihoflavin-Frcc Diels for S UVeh 



Normal 

Low 

protein 

Diels 

High 

prolem 

Low fat 

High Fat 


£m, i 

1 

rn. 

im 


n 

Weight of fresh feces, per 48 hrs. 

2.5 

2.4 

2.9 j 

3.7 

181 

“ “dried “ “ 4S “ 

0.90 

0.83 

0.79 

1.60 

Bi 


“T 

y 

y 

y 

Hi 

Riboflavin per gm. dried feces 

' 26.4 

30.1 

' 14.45 

22.0 

Dm 

“ excreted in 48 hrs. 

23.76 

25.0 

11.3 

35.2 

19 


levels which could be achieved on Diet N by 7.5 7 per day Avere only ob- 
tained on high fat diet with 20 7 and on low fat diet Arith 3.5 7 per day. 

It seems, therefore, that the protein and fat content of the diet Iiuat a 
pronounced influence on the riboflavin requirement of the rat. 

Intestinal Syiiihcsis of Riboflavin tinder Various Dietetic Condiiioyis 
fed our different diets for 5 AA^eeks AAithout supplementing them AAuth ribo* 
flaidn. Then the feces of the rats AA^ere collected, AA^eighed, and their 
riboflavin content determined. The aA^erage figures obtained in four 
experiments are giA^en in Table II. 

As can be seen from Table II, the daily riboflavin excretion AA^as dimin- 
ished in the groups on high protein and high fat diets and \Ams increased 
in the groups on the low fat diet. The excretion in the Ioav protein 
diet group resembled that in the Diet N group. The reduced ribofla\dn 
excretion in the high protein and high fat diet groups and the high axcretion 
in the Ioaa" fat diet group are correlated to the respectiA’’el5'’ relatiA^'e Ioaa' and 
high levels of riboflaArin in the organs and urine of rats on these diets, h 
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is note\yorthy that 'with low protein diets no such correlation could be found. 
These results corroborate our conclusions, drawn from the results ^ven in 
Table I, that a low protein diet reduces the abihty of the organism to store 
ribofla'vin and thus increases the excretion in the urine. 

The difference in feces ribofla\’in content between rats fed our different 
diets finds its explanation in the different rates of intestinal synthesis of 
the vitamin in the different groups. Support for this explanation was ob- 
tained by counts of the number of viable bacteria in the feces and by tests 
of their ribofia'vin-synthesizing ability. Feces of the rats kept on our 
different diets were collected and the numbers of ydable bacteria per gm, of 
fresh feces were determined. The average figures of four experiments are 
given in Table III, 


Table III 

Xwnber of Fecal Bacteria of Rais Fed Various Ribojlavin-Free Diets for 5 Weeks 



No 

of bacteria in milbocs 

Diets 

Pergm fresb feces 

Per4S fcfs. 


Mean 

Probable error ^ 

Normal . , . 

318 

±6.8 I 

795 

Itovr protein. . 

339 

±12.05 

804 

High “ 

116 

±8.2 

336 

Low' fat . . 

450 

±4.4 

1665 

High “ 

i 102 

±7.7 

! 184 


Probability that differences in the above data are due to chance; normal diet 
lovr protein diet, 0.2; normal diet versus high protein diet, <0.01; normal 
diet versus low' fat diet, <0.01; normal diet rcrsus high fat diet, <0.01. 


It foUo'ws from Table III that the low protein diet does not cause any 
significant change in the number of %aable bacteria in the feces. High pro- 
tein and high fat diets diminish significantly the number of viable bacteria; 
low fat diet increases their number. Thus, the riboflavin content of the 
feces of rats kept on our different diets is seen to be a function of the num- 
bers of intestinal bacteria and of the amount of ribofla\'in which they 
sjTithesize. 

In order to strengthen the above conclusion we carried out measurements 
of the amounts of riboflavin which the intestinal flora of rats fed our dif- 
ferent diets can produce. 10 cc. of glucose broth were inoculated 'irith 
0.05 cc, of a suspension of feces diluted 1:500.000. The cultures were 
incubated at 37®. After 24 liours the bacteria were removed by centrif- 
ugation and the riboflavin in the supernatant fluid and in the sediment wa.s 
doterminod. The cellular sediment was disnipted repeated freezing 
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and thaBing. In this way we measured the amount of the intracellular 
riboflavin, as well as the amount excreted into the surrounding medium 
(Table IV). 

As can l)c seen from Table IV, bacteria of the feces of rate fed the low 
protein diet produced in 24 houis about the same amount of ribofla™ as 
bacteria from rats fed Diet N. Bacteria from rats fed the high protein and 
high fat diet produced less riboflavin*, but bacteria from rats kept calk 
low fat diet showed a markedly higher production of riboflavin. About 
90 per cent of the riboflavin produced by the bacteria was extracellular. 
The synthesized vitamin is, therefore, accessible to the rat organism. 


TAni.n IV 

Riboflavin Produced by Intestinal Bacteria of Rats Fed Various Riboflaiin^Free Diets 

for 6 IVccA's 


Diets 

1 

Ribof!a% in per 10 cc. broth 

Extracellular 

Intracellular 




Normal 

c 

i <1 

liow protein 

7 

1 Ca. 

High 

4 

<1 

Low fat 

12 

1.2 

High “ 

1.5 

<1 


DISCUSSION 

The amounts of riboflavin found by us in the organs and urine of rats fed 
our standard diet and given 7.5 y of riboflavin per day correspond more or 
less with values reported in the literature (9, 10, 4, 11). Our results show* 
unequivocally that the protein and fat of the diet determine the riboflavin 
content of the organs and the excretion of the vitamin in the urine. Our 
investigations concerned only three organs, viz. liver, kidney, and muscle. 
According to Sure (12), however, the amount of riboflavin in these three 
organs represents about 75 per cent of the body’s riboflavin. Our data 
appear, therefore, to be representative for the body as a whole. 

This dependence of the riboflavin content of organs and of urine on diet 
may be due to metabolic factois or to differences in the amounts of ribo- 
flavin synthesized by intestinal bacteria. It is possible that riboflavin 
plays an active part in the metabolism of protein and fat. High protein 
and high fat diets would, therefore, lead to a higher riboflavin requirement. 
This explanation was suggested with reference to the effect of protein by 
Sarett et aL (3) and Kleiber and Jukes (13). An analogous mechanism 
has been proposed for the thiamine-sparing action of high fat diets (14). 
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Differences in ribofia\in s>Tithesis are the alternative iiossibility. Taj'Ior, 
Pennington, and Thacker (15) and Mitchell and Isbell (16) proved for the 
rat that ribofla\in synthesized by intestinal bacteria contributes to the 
body’s supply of this %dtamin. IMannering et aL ( 2 ) have shoTvn that dex- 
trin and com-starch stimulate bacterial synthesis of riboflavin in the rat 
intestine, and reduce the dietary riboflavin requirement. These authors 
concluded that dextrin and com-starch probably increase the amount of 
riboflavin synthesized in the intestine by providing the intestinal bacteria 
with a medium which is favninble to such synthesis. The supply of these 
carbohydrates leads to an increase in the number of the microorganisms, or 
changes the flora to a type capable of producing larger amounts of the 
vitamin. 

It follows from our experiments that metabolic factors and also the 
intestinal supply determine the riboflavin levnl of the organs and urine. 
The metabolic factors are decisive in a low protein diet. Rats on a low 
protein diet lack the ability to retain riboflavin. They fail to store the 
vitamin, even if fed relatively large doses of riboflavin, and thus largely' 
excrete the latter in the urine. 

A very different effect is produced by high protein and high fat diets. 
Rats kept on these diets contain little riboflavin in their organs, but excrete 
only^ relatively small quantities of riboflavin in the urine. This condition 
is correlated and may be due to a diminished symthesis of riboflavin in the 
intestine. The reverse holds true for rats kept on a low fat diet. It is 
notewerthy' that rats fed 7.5 y of riboflavin per day' in a standard diet main- 
tain the same levels of riboflavin in their organs as rats fed 15 7 per day in 
a high protein diet or 20 7 per day' in a high fat diet, or 3.5 7 per day' in a 
low* fat diet. It follows, therefore, that the dietary' riboflavin requirement 
is not the same in all conditions and that it depends on the dietetic con- 
stituents. 


suMiiAnv 

1 . The riboflavin content of the liver, kidney's, muscle, and urine of rats 
kept on the different types of diet (“normal,” low protein, high protein, 
low’ fat, and high fat) and giv'en graded amounts of riboflavin has been 
determined: 

2 . In a “normal” diet a daily' riboflavin supplement of less than 7.5 7 
caused a steady' decrease, whereas 7.5 7 por day' maintained, and more than 
7.5 7 per day increased, the body'’s riboflavin lev'el. 

3. Rats kept on a lo^Y protein diet showed a relatively large excretion of 
riboflavin in the urine, and w*ere unable to retain riboflavin in their organs. 

4. Rats kept on high protein and high fat diets needed at least twice as 
much riboflavin as rats kept on the “normal” diet for the maintenance in 
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Iho organs and urine of an equal level of riboflavin. Eats on low fat diete 
needed only about half as mueli riboflavin. 

5. The dilTcrcnt requirements for dietetic riboflavin of rats keptondih 
ferent diets have been sho^vn to be due to difTercnccs in the amounts ol 
j‘il)oflavin wliicli are synthesized in a foim available to the organism in 
their intestines. 
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RADIOIODINE AND IODINE FRACTIONATION STUDIES 
OF HUMAN GOITROUS THYROIDS* 

Bv CHARLES P. LEBLOXD, I. DARIN PUPPEL, E. RILEY, U. RAD IKE, akp 
GEORGE M. CURTIS 

{From the Department of Research Surgery, The Ohio State University, Columbus) 
(Received for publication, November 23, 1&45) 

Certain forms of human hyperthyroidism and myxedema have been 
attributed to variations in pituitary activity. Medical opinion, however, 
regards pituitary influences alone as unable to account for the great variety 
of conditions found in the abnormal thyroid gland. This opinion is sup- 
ported by the present investigation, since factors such as the level of blood 
iodine and local conditions within the gland were found to affect thyroid 
behavior without direct intervention of the hypophysis. 

The original purpose of this work was to investigate the metabolism of 
radioiodme in human thyroids removed at operation, and especially in 
nodular goiters. The behavior of nodules and surrounding thyroid tissue 
was compared in regard to iodine content and to the entry of radioiodme 
into the various iodine fractions. Furthermore, the incidental observ'ation 
of a low iodine uptake by the gland in a patient with a high blood iodine 
prompted the systematic investigation of iodine metabolism in dogs with 
a very high blood iodine. 

The last question raised was whether the variety of thyroid responses 
revealed by chemical analysis would correspond to various locations of the 
iodine entering the gland. A partial answer to this question was furnished 
by the autographic (1)^ study of the extirpated thjToids. 

Methods 

Prior to thyroidectomy several determinations of the basal metabolism 
were made. The iodine content in the acetone-insoluble and acetone- 
soluble fractions of the blood was determined on several occasions in each 
patient by the methods of Da\ison and Curtis (2). A solution of radio- 
iodine containing from 25 to 1(X)0 microcuries of the radioelement and 
about 2 7 of iodine was administered orally 15 to 23 hours before thy- 
roidectomj% with the exception of Case 17 in which 40 hours interv'ened 
l>etwecn administration and operation. The small iodine content of the 
radioiodine solution insured that a true picture of the physiological be- 

• Aided by a grant from the Comly Fund and the Research Foundation of The Ohio 
State University. We are grateful to Dr. Willard F. Guard, Department of Veterinary 
Surgery, for facilities without which this work would have been impossible. 

* Leblond, C. P. , Fertman, hi., Puppcl, I. D., and Curtis, G.M.,Arc/i.Pa£/»., in press. 
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ha\'ior of iodine ^\'ould be given by the results obtained with radioiodine. 
After the operation the weight of thyroid tissue removed was recorded and 
an approximate estimation of tlic remaining thyroid tissue was made, so 
that some idea of the total thyroid weight was gained by this method. A 
careful separation of the nodules from the paranodiilar tissue was carried 
out in all cases except in Case 15, in wliich there was a diffuse goiter. By 
use of both nodules and surrounding tissues, determinations of and 
jm made on the various iodine fractions. 

The metabolism of radioiodine was al.so examined in a series of dogs show- 
ing a high blood iodine. These animals had been fed a diet of dog biscuits 
containing 4 mg. of iodine per 100 gm. and of frozen meat containing 0.017 
mg. of iodine per 100 gm. The inorganic iodine in the blood of these dogs 
varied from 0,1 to 0.5 mg. per 100 cc., which values were approximately 
100 times tho.se found in men or in dogs fed a diet with an ordinary iodine 
content. 

Although the six dogs investigated had undergone a unilateral thyroid- 
ectomy 2 montlis before the prcvscnt investigation, this operation should 
not have affected the results discussed here. The six dogs were given in- 
jections of radioiodine without carrier and were sacrificed either I hour 
(Dogs A and B), 24 hours (Dog C), 48 hours (Dog D), 72 hours (DogE), or 
94 hours (Dog F) later. The thyroids were examined for the content of 
and in the various fractions. 

The inoi’ganic iodine, the diiodotyrosine iodine, and the thyroxine iodine 
were separated according to a method (3) which is a combination of the 
technique devised b}'' Gutman and coworkers for inorganic iodine fractiona- 
tion (4) and that devised by Blau (5) for thyroxine separation. 'I he fresh 
tissue was trimmed, cut in small pieces, and placed on a glass slide 
in a Fisher-Abdcrlialden drier at 79° for about 2 hours at normal 
pressure, then for another 2 hours under the low pressiwc from a 
Hyvac pump. The gland was removed, homogenized in a mortar, 
and returned to the drier for another 2 hours. A second grinding was some- 
times necessary at this stage. Four aliquots of the powdered thyToid were 
then w'eiglied, two smaller ones (about 50 mg. each) for duplicate estimation 
of the total tliyroid iodine and two larger ones (about 200 mg. each) for 
duplicate fractionation. 

The separation of inorganic iodine was carried out by shaking the larger 
aliquots urith 30 cc. of water for 2 hours, and then centrifuging for 30 mm 
utes at 2000 revolutions per minute. After the supernatant fluid was 
separated, the residue u^as mixed with about 10 cc. of water in the centri- 
fuge tube. After another centrifugation, the two supernatant flui^ con- 
taining the inorganic iodine were distilled, previous to iodine titration, cs 
described below. 
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The residue obtained on centrifugation was placed in a 125 cc, Erlenmeyer 
flask with 16 cc. of water used to wash the centrifuge tube in 2 cc. portions. 

1 gm. of barium h 3 'droxide pre^nousl}’^ kept in a well stoppered bottle was 
then added. The mixture was heated to gentle boiling b 3 ' keeping the 
bottom of the flask slighth" above an electric hot-plate. The neck of the 
flask was connected to a reflux condenser. This h 3 *drol 3 'sis was continued 
for 6 hours. The contents of the flask were then poured into a 125 cc. 
pear-shaped separator 3 ' funnel. The sides of the flask were washed suc- 
cessivel 3 ' with three portions of 1 cc. of distilled water, 1.5 cc. of 10 per cent 
h3’'drochloric acid, 0.5 cc. of but 3 d alcohol, and again with two 1 cc. portions 
of distilled water. Ail washings were poured into the funnel. 

To the funnel 0.2 to 0.3 cc, of brom-cresol green was then added and the 
solution was titrated with a 1 : 1 solution of h 3 rdrochloric acid to a 3 "elIow 
color, the acid being added drop wise. Final adjnstment to a pH between 
3.5 and 4.0 was carried out outside with brom-phenol blue and the same 
solution of acid. The solution was then shaken with 20 cc. of but 3 d alcohbl 
for 2 to 3 minutes, and allowed to stand for 1 to 2 hours (or overnight). 

The aqueous Ia3'er was drawn off into a Kjeldahl flask, the scum being 
left. 15 cc. of 4 N sodium h 3 "droxide with 1 per cent sodium carbonate were 
added. The solution was shaken again and allowed to stand for 1 or 2 
hours. The aqueous la\'cr was drawn off with the scum and added to the 
first aqueous solution. The barium precipitate \ras eliminated by cencrif- 
ugation without significant loss of iodine, provided it was w'ashed with 5 cc. 
of water once. In the meantime, the but 3 d alcohol extract was poured into 
a Kjeldahl flask. The funnel was washed with 2 cc. of the same alkaline 
solution as before and 2 cc. of but 3 d alcohol. Again the aqueous lavrer was 
drawn off into the flask containing all the previous water extracts. The 
iodine found in the pooled solutions was called the diiodotyrosine fraclion. 
The but 3 d alcohol was added to the flask containing the first butyl alcohol 
extract, the iodine estimated in this extract being the thyroxine fraction. 
The amount of fluid was too large in an 3 ' fraction for can^dng out the oxida- 
tion prelimmar 3 ' to iodine distillation. The volume was reduced b 3 * gentle 
boiling. During the evaporation of the inorganic or th 3 TOxine fraction, 

2 cc. of the usual alkaline solution were first added. 

The oxidation and distillation of iodine were carried out according to the 
method of Alatthews, Curtis, and Erode (6) with the difference that a 
solution of sodium instead of potassium h 3 ’droxide was used to collect the 
distilled iodine. The radioactive measurements of w'ere carried out 
at this stage bv' bringing up the volume of the .«?olution to 10 or 25 cc. and 
taking 2 cc. for the Geiger counter determination- The rest of the solution 
w'as iLcod for the imation of the total iodine b 3 ' the .standard thio^iilfato 
method (G). 
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The radioactivity was expressed as percentage of the injected dose per 
100 gm. of dry thyroid tissue ; and tlic total iodine, in xng, per 100 gm, of dry 
thyroid tissue. Tlie specific activity of each thyroid fraction was obtained 
by calculating the ratio of over P^ expressed as indicated. The 
relative specific activity ^ t.c, the ratio of the specific activity of each thyroid 
fraction to the specific activity of the whole thyroid, is repoiied in Table 1. 

In a few cases the inorganic fraction of the blood taken at the time of 
operation was separated by the method of Davison and Curtis (2), and 
the radioactive and total iodine were estimated as usual. 

Autographic studies (1)^ were made of fragments of the extirpated thyroids 
of a few of’ these patients. 


Chemical Results 

Comparison of the amount of vadioiodine by the nodules and 

by the gland showed that in all cases the nodular tissue fixed less radioiodine 
than the paranodular tissue. The difference was greatest in one case (No. 
10) in which the nodule was of the fetal adenoma type with solid trabec- 
ulae of thjToid tissue and only a small number of minute follicles. The 
percentage difference was one of the smallest in Case 17 in which the colloid 
accumulation cliaracteristic of the nodule was microscopically quite similar 
to that of the paranodular tissue. In the three other cases of nodular goiter 
(Nos. 13, 14, and 18) the nodules were distinctly colloid in appearance, show- 
ing on section wet surfaces and unusual fluidity of the colloid, while the 
paranodular tissue was firmer, more reddish, and did not contain appreci- 
able amounts of fluid. 

The estimations of ordinary iodine (I^^^) in the nodules as compared to the 
paranodular tissue showed in all cases a smaller amount of iodine in the 
nodules. It may be noted that, if the results had been estimated on the 
basis of the fresh weight, the differences Av^ould have been much more 
considerable, since the nodules were richer in fluid material. 

Comparison of the specific activities in the nodules and in the paranoduhn 
tissue shoAved that in general the specific activities were smaller in the 
nodules, indicating that the turnover of iodine was slower in the nodules 
than in the glandular tissue itself. 

The inorganic iodine fractions contained only a very small percentage of 
the total P“^ and P^^ The percentage of inorganic iodine was usually 
smaller in the nodules than in the paranodular tissue. Furthermore, m 
both tissues, the comparison of radioiodine* to ordinary iodine showed a 
greater proportion of radioactivity in the inorganic iodine fractions than in 
the whole glatid, a fact expressed by the high values of i-he relative specific 
activity in the inorganic iodine. 

The diiodotyrosino iodine fractions, which are really the ro.sidiial fractions 
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after elimination of the inoi'ganic iodine and of thjToxine iodine, consti- 
tuted the bulk of botli the radioactive and the total iodine in the gland. 
Their specific activity was smaller than that of the inorganic iodine. 

Final the thyroxine iodine fractions contained a variable amount of 
iodine, smaller in the nodules than in the paranodular tissue. However, 
the turnover of thyro?dne as estimated by the specific actinty was rather 
comparable in both nodular and paranodular tissues. 

The values for the blood inorganic iodine showed a higher specific acti\*ity 
than in the inorganic iodine fraction of the thjToid. 

In Case 17, operated on 40 hours after administration of radioiodine, 
most of the features described above could not be recognized. However, 
the nodules contained less and than the surrounding thjToid tissue, 
but the difference was not so marked as in other cases. In addition, the 
specihe activities in the inorganic and diiodotyrosine fractions were of the 
same order of magnitude. Apparently the delay in operating on the patient 
had enabled the level of diiodotvTosine to rise up to or abov*e that of 
inorganic iodine. 

In Case 18 the fixation of radioactiv’c iodine was markedly smaller than 
in the other cases. Attention may be called to the fact that the inorganic 
iodine content of the blood was one of the highest. The role of the high 
lev'el of blood iodine on iodine fixation by the th 3 Toid was inv'estigated in 
the dogs given a diet rich in iodine. In these animals (Table II) the per- 
centage of injected radioiodine which found its waj* into the thjToid gland 
was still smaller than in Case 18. Thus it mav" be calculated that in most 
of the patients about 50 per cent of the injected dose was fixed; in Case 18 
about 4 per cent of the injected dose was fixed; and in the dogs approxi- 
mately 0.5 per cent of the injected dose was taken up, which is much less. 

In the dogs, the amount of chemical iodine was high in the three frac- 
tions when compared n*ith that of the patients (Table I) or with dogs (3) 
given a diet vsith ordinaiy^ amounts of iodine. The increase was most 
pronoimced in the inorganic and thyroxine fractions. 

The specific activities (Table I) showed a predominance of radioactivitv- 
m the inorganic fraction soon after the injection, succeeded a fairly 
rapid decrease. On the other hand, the radioactivitj’ in the diiodotvTOsine 
fraction after its initial increase appeared stabilized. 

Inlcrprctalion 

The most striking results were those pointing to a less active behavior in 
the adenomatous formations than in the surroimding thyroid tissue, as 
shown by a smaller iodine content, a smaller iodine fixation, and a slower 
turnover of iodine. These differences were most marked in Case 10 in 
which the gross appearance and histologv* showed that the nodule was the 
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lation was histologically mild. 
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typical so called fetal adenoma. Marine (7) observ’ed that fetal adenomas 
contained rather small amounts of iodine. W'egelin (8) found that fetal 
adenomas fed to tadpoles exerted less effect on growth than the surrounding 
tissues. On the other hand, a number of investigators, confusing the 
parenchymatous appearance of fetal adenomas with that of hj’peractive 
thjToid tissue in which there is also a marked predominance of epithelial 
over colloid material, were led to believe that fetal adenomas, at least in 
their trabecular form, were made of hyperactive thyroid ti^e. The poor 
fixation of radioiodine in Case 10 may indicate that the tj^iical fetal 
adenoma is made of rather inactive thyroid tissue. 

The other nodules were quite different from the fetal adenoma, contain- 
ing large follicles filled with considerable amounts of colloid. Many authors 
(8) believe, however, that there are no fundamental differences between 
fetal and colloid adenomas. On the other hand, the colloid nodules be- 
haved like the fetal adenomas in regard to fixation of radioiodine, although 
in the former differences between paranodular and adenomatous tissue 
were considerably less pronounced than in the latter. At am' rate, the 
behaidor of the adenomas furnished an example of how local factors inside 
the thjToid may influence iodine fixation. 

The second factor which may affect iodine metabolism is the level of the 
blood iodine, since one patient, as Avell as the six experimental dogs vith a 
high blood inorganic iodine, showed a small uptake of radioiodine in the 
thyroid. The first cause of this was probably the dilution of the radio- 
activity in the inorganic iodine present in the blood, since the mixing of the 
radioactivity with a large amount of iodine reduced the chances of the 
radioactive atoms to enter the gland. In addition, there was a definite 
shift in the iodine metabolism of the th>’Toid, as shonm by the high iodine 
content of the gland, this high content of iodine corresponding to what was 
previously called “saturation” of the thjToid (9). Indeed, when a large 
dose of radioiodine was given a few hours after injection of a lai^e dose of 
ordinaiy' iodine, the th>Toid, being “saturated” hy the ordinary' iodine, 
fixed much smaller amounts of radioiodine than usual (9). Similarly the 
low radioiodine uptake found here, as well as the high iodine and th>Toxine 
content of the thj'roid (Table II), was apparently due to some extent to a 
chronic “saturation” of the gland ou*ing to continuous av'ailability of e.x- 
cessive amounts of iodine from the blood. 

The rapidity of the “saturation” produced by an injection of a large 
iodine dose (9) proved that effects of this tjqje were the result of a direct 
action on the thjToid. The h>'pophysis, therefore, did not pla^' an imme- 
diate role in the production of these results. 

In conclusion, studies on iodine metabolism showed thi-ee types of in- 
fluences affecting the thyroid: First, local factors, such as the nodules so 
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common in old age, produced variations of iodine metabolism within the 
thyroid; second, a liigh level of blood iodine “saturated** the gland with 
iodine, producing a storage of thyroxine inside the gland (Table II); and 
third, pituitary faclors^ when excessive or deficient, activated or slowed 
down the iodine tumover (3), All of these influences may occur in man. 

These studies showed in both human patients and experimental animals 
that during the first 2 days after injection (Tables I and II) the specific 
activities were higher in the inorganic iodine tlian in tlie otlier fractions of 
the glands. This was in agreement with tlic results obtained when a large 
dose of M'as used to carry the injected radioactive iodine (9). In all 
these cases the inorganic iodine coming from the blood entered the thyroid 
as such. However, in another experiment witli dogs, given an injection of 
radioiodine without a carrier, it Imd been found (3) that the specific activity 
was highest in the diiodot3U’0.sine fraction as early as a half hour after in- 
jection. But the inorganic iodine wa.s comparative!}’’ higher in those 
dogs (3) than in the patients examined (Table I). This observation sug- 
gested a possible explanation of the discrepancy. There may exist in the 
thyroid gland two inorganic iodine fractions, one into which the radioactive 
inorganic iodine entering the gland may diffuse and another separated in a 
chemical or anatomical way from mixture with the radioiodinc. The pro- 
tected form could be rather small, as in the patients, or great enough, as in 
the dogs (3), to increase the denominator of the specific activity in inorganic 
iodine to such an extent that this specific activity would be lower than that 
of diiodotyrosino iodine. Such a hypothesis also eliminates the need for 
postulating that the transformation of ionic iodine into diiodotyrosine fakes 
place at the level of the cell membrane (3). 

The specific activity in the diiodotyrosine fraction was intermediary be- 
tween that in the inorganic fraction and that in thyroxine, at least during 
the first 48 lioiirs. This may indicate that thyroxine was synthesized more 
slowly than diiodotyi'osino. Tliis result was satisfactorily explained along 
the lines of Harington’s hypotliesis (10) that diiodotyrosine is the precursor 
of thyroxine, as shown by previous i*esults (3). 

Comparison of the chemical and histological results^ showed that the 
radioiodine passed through the cellular epithelium of the thyroid follicle 
to be localized as diiodotyrosine in the colloid. 

SUMMARY 

Thyroid adenomas were functionally less active than the surrounding 
fhyroid tissue, as shown by a lower iodine content, a smaller fixation of 
radioiodine, and a slower turnover of the iodine. The difference was most 
considerable in one case of so called fetal adenoma, but it was still ^'c 
demonstrated in four cases of colloid nodules. 
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The piiesence of a high level of blood inorganic iodine seemed to produce a 
large concentration of iodine in the thjToid. This increase in iodine content 
appeared distributed in the three thjToid fractions. 

The iodine after entering the thyroid gland as inorganic iodine was rap- 
idly transformed into diiodot3Tosine and as such was deposited in the colloid 
of the th\Toid follicle. 
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THE EFFECT OF RIBONUCLEIC ACID AND ITS HYDROLYTIC 
PRODUCTS AND OF DESOXYRIBONUCLEIC ACID ON 
SUCCINIC DEHYDROGENASE AND 
CYTOCHROME OXIDASE 

Br CHARLES A. ZITTLE 

(From The Biochemical Research FoundaiioTif Kevarkj DeJaicarc) 
(Received for publication, December 4, 1945) 

The studies of Adler, von Euler, and Skarzynsld ( 1 ) had sho'mi that 
yeast adenylic acid and adenosine were inhibitory to succinic dehydro- 
genase. These observations were confirmed in the present studies with the 
manometric and methylene blue decolorization techniques. Studies were 
made of C}i:ochrome oxidase as well. It is tentatively suggested that one 
of the functions of the nucleic acids and their h3’droIytic products raa3' rc- 
.‘^ide in their influence on the en2:3Tnatic oxidation-reduction S3’stems. 
Changes in the ratio of nucleic acid to h3’'drol3i:ic products in the cell ma3" 
be of importance because the diffusible nature of the latter extends the 
range of this influence. 

The present studies were initiated when it was observed that ribonuclein- 
ase was inhibited b3^ mononucleotides ( 2 ) presumabL^ b3^ competition 
with the substrate.^ The thought occurred that nucleic acid nucleotides 
might inhibit enz3Tnes requiring nucleotide coenzymes b3^ competition 
'with the latter. The observations of von Euler et al. ( 1 , 3 , 4 ) on the effect 
of nucleic acid h3"drol3i;ic products on deh3’drogenases were of interest in 
this connection. Succinic deh3’drogenasc ( 1 ) was chosen for initial stud3’, 
even though it does not seem to require a nucleotide coenz3me, because of 
its relative^" simple preparation and because it afforded an opportunit3’ to 
determine whether the inhibition of this enz3me b3" ribonucleinase, ob- 
served b3’' Potter and Albaum ( 5 ), might be axplained on the basis of the 
nucleotides liberated from the nucleic acid which is present ( 6 ). 

EXPERIMEXTAL 

Reagents — The en23me preparations Avere obtained from pig heart muscle 
b3" the procedure of Keilin and Hartree ( 7 ) with the exception of the pre- 
cipitation at pH 4 . 5 . Tlie solid matter content of the preparations was 
about 2.0 per cent. Si.x preparations in all were studied. The cA’tochrome 
c was prepared from horse hearts in the usual wa3’ ( 8 , 7 ). Tlie ribonucleic 
acid ( 3 "cast) and derivatives were commercial products. The mixed mono- 

* Further studies have shown that the inhibition is not b 3 * competition with the 
substrate. 
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nucleotides were prepared hy (he complete hydrolysis of nbonucleic acid 
with NaOH (2) and neutralization with HCl. 1.0 cc. represented approx- 
imately G.8 X mole of mononucleotides (from 23 mg. of nucleic acid); 
the concentnition Xa(M was 0.08 m. The desoxyribonucleic acid was 
prepared from calf tli.ynius l)y the method of Ilamniarstcn (9). 

Assmj — Tlic manometrio determinations of the enzymes were performed 
at 37®. The following reagents were used for the .succinoxidasc system: 
2.0 cc. of 0.15 M sodium phospliate, pll 7.2, 0.5 cc. (2.0 mg.; 1.21 X 10^’ 
mole) of cytochrome c, 0.4 cc. of diluted enzyme (diluted with about 1.5 
volumes of tlic pliospliate bufTcr so that the oxygen uptake Avith succinate 
was approximately 700 r.jnm. ])cr liour), and 0.3 cc. of 0.5 m succinate, 
pH 7.2. No oxygon u as taken up without the substrate or Avith the enzyme 
heated to 100®; the oxygen consumption AA’itli the substrate aa'OS increased 
about 35 per cent b}’' the addition of cytoclironic c. When solutions of sub- 
stances to be studied AA*crc added to this system, an equal volume of the 
phosphate buffer Avas displaced; variation of the pliosphate in this manner 
liad no influence on the enzyme. The pll was checked after each experi- 
ment and alAA'ays found to be pll 7.2. 4^1ic addition of Ca or A1 (10) did 

not increase the activity of the enzyme. Tlic oxygen uptake Avas propor- 
tional to the amount of enzymic up to 0.2 cc. of the undiluted preparation; 
beymnd this the dilTusion of the oxygon into the reaction mixture became a 
limiting factor AAuth our equipment. 

For the detennination of the cytochrome oxddasc the same system Avas 
used, except that 0.2 n ly'^droquinonc replaced the succinate. The oxygen 
consumption Avith the boiled cnz37ne due to the spontaneous oxidation of 
the hydrociuinone Avas on the average 160 c.mm. per hour. The oxygen 
uptake of the unboilerl active enz3nnc Avas increased about 100 per cent 
hy the addition of cytochrome c. 

The succinic deh3’’drogonase A\as dotonnined 1)3’' the mcth 3 dcne blue de- 
colorization procedure at 32-37® AA*ith tlio aboA'c ]‘cactio;i mixture, except 
that tlie c3'^tochroinc c AA’as omitted and 0.1 cc. of mctlylcnc blue (11.2 mg. 
per 10 cc.) AA'as added. Dccolorization times of 10 to 15 minntes AAxre ob- 
tained AA'ith the usual technique (II) with 0.1 cc. of the undiluted enzyme; 
the percentage of inhibition of added substances aa'us calculated horn 
(l/ym _ 1/7^) X 100/1/7’^^ in which equals the dccolorization time for 
the control and 7' the time AA'ith tlic added substance. 

Results 

jSOu/zcs of Succinox 2 dasc Si/stcm by Manonictric 'I'cclinifjuc — ^Tlie inhibi- 
tory effect of tile ribonucleic acid hydrolysate (mixed mononucleotides) 
on the succinoxidase system is shoAAm in Fig. 1 ; the inhibition AA’ith enzynn> 
Preparation III AA’as not quite so great as wdth Preparations IV, V, and ^ !• 
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Fig. 1. Effect of ribonucleic acid, ribonucleotides, and desoxyribonucleic acid on 
the succinoxidase system. The number of moles indicated are contained in the test 
volume of 32 cc. The moles of mononucleotides are calculated from the average 
molecular weight of 339; the nucleic acids are plotted on the basis of their nucleotide 
equivalents. O mononucleotides, enz^une Preparation III; • mononucleotides, en- 
zyme Preparations IV, V, and VI; A ribonucleic acid, enz^mie Preparations IV, V, 
and VI; + desoxyribonucleic acid, enz>*me Preparations V and VI. 



Fig. 2. Effect of adenylic acid, guanylic acid, and pyrophosidmlr on the succin- 
oxidase system. The number of moles indicated are contained in the test volume of 
3.2 cc. O guanylic acid; • pyrophosphate; *f adenylic acid, enzyme Preparation 
V, With enzyme Preparation II less inhibition was obtained; with Preparation IV 
more inhibition was obtained; in each case the inhibition was proportional to the 
amount of adenylic acid. 
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Guanylic acid was about as inhibitory as the mixed mononucleotides (Fig. 
2) ; adenylic acid (Fig. 2) was much less inhibitory, more variable in its 
effect with different enzyme i)rc])arations, and the curve was dissimilar, 
being a straight line in the I’ange studied, whereas the above substances 
gave hyperbolas. Guanosine (4.0 X 10'"^molc) was not inhibitory. Adc* 
nosinc was not inhibitory when studied manomctrically; two commercial 
preparations (Britisli Drug Houses and Mackay) gave the same negative 
results. Since Adler, von Euler, and Skarzynski (1) had observed a slight 
increase in the inhibition obtained with adenosine with the dilution of the 
substrate, experiments were performed with 0.1 cc. of succinate, but wth 
negative results. Manomctric experiments witli methylene blue present 
(3.0 X 10^ mole) and with tlic cytochrome system inhibited uith cyanide 
were performed, but here also adenosine liad no effect. It will be seen 
later that with the methylene blue decolorization technique inhibition 
was obtained in confirmation of the findings of Adler, von Euler, and 
Skarzynski (1). 

Ribonucleic acid was inhibitor^'', as shown in Fig. 1 where the inhibition 
is plotted in terms of moles of mononucleotides contained in the nucleic 
acid; the inhibition on this basis is somewhat less than that obtained ^rith 
the mononucleotides wth the same enzyme preparations; unfortunately 
the effect of nucleic acid was not tested on enzjme Preparation III. Des- 
oxyribonucleic acid is very inhibitory ; in Fig. 1 the effect is plotted in terms 
of the mononucleotide content. 


Other substances were tested wliicli might have a bearing on the inter- 
pretation of the data for nucleic acid and products. P 3 ^rophosphate was 
found to be inhibitory (Fig. 2) in confirmation of the data quoted hy Dixon 
and Elliott (12) for the decolorization of metliylene blue. This apparently 
is a competitive inhibition (13). Sodium cliloride in the amount present 
in the mononucleotides had a negligible effect; 5 X 10'“® mole of (NH4)2S04 
had no effect; 1.0 X lO''® mole of cystine was very inhibitory (30.9 


per cent), in confirmation of Potter and DuBois (14). In the expen- 
ments described above the substrate was placed in the side arm of 
the Warburg flasks. With this procedure the enzyme system an 


inhibiting agent were in contact for 18 minutes before the succinate was 
added. In other experiments the enzyme was placed in the side arm; iden- 
tical control oxygen uptake was obtained by this procedure, but no inhibi- 
tion was obtained with the mononucleotides, ribonucleic acid and adenylic 
acid, the only nucleic acid substances tested in this manner- Although 
there was no inlribition immediately^, inhibition was noticeable later (in 
about 10 minutes), as would be expected. It might be mentioned that 
pyrophosphate was equally inhibitory by either procedure. 

The following experiments were performed to decide whether inhibiting 
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agents were produced from the substances studied by a slow enzj^me action 
(the heart preparation probably contains a variety of enzjTnes) or whether 
the inhibition represented a slow chemical action. 5.0 cc. of phosphate 
buffer, 4.0 cc. of mononucleotides, and 1.0 cc, of im diluted enzyme were 
incubated at 37° for 30 minutes; the enzymes were destro3'ed bj^ heating 
in a boiling water bath for 5.0 minutes. Use of this mixture as a source 
of mononucleotides gave the same inhibition obsen^ed before when the 
substrate was in the side arm, and no inhibition when the enzyme was in 
the side arm. This e\’idence for a slow chemical reaction mixture was con- 
firmed by a similar experiment in which the above reaction mixture was 
dialyzed 18 hours at 7° against 10 cc. of phosphate buffer. Onl^" about 30 
per cent of the e.xpected amount of inhibitor diffused through the cello- 
phane, but this also inhibited onl}^ when in contact vdth the succinoxidase 
S3’’stem before the substrate was added. The poor diffusion through the 
cellophane was due to the presence of the heart tissue complex; alone, the 
mononucleotides, which are the inhibiting substances, diffuse freely". 

Cytochrome Oxidase — The mixed mononucleotides and nucleic acid had 
little effect on the C3"tochrome oxidase Qess than 10 per cent inhibition for 
5.0 X 10“^ mole). The effect of the former appeared to be largeb’ 
accounted for b3" the NaCl known to be present. 

The succinoxidase S3"stem studied above is composed of the en23Tnes 
succinic deh3^drogenase and cytochrome oxidase. Since C3’tochrome oxidase 
is not affected b3’ the nucleic acid compounds, it must be concluded that 
the inhibition of the succinoxidase S3’stem described above represents an 
effect on the succinic dehydrogenase. 

Nature of Inhibiting Substance — The ribonucleic acid, originating in 
3'east, was suspected of containing sulfh3"dr3d compounds which, if present, 
would be oxidized to the highl3’ inhibitor3' disulfide, a transformation ob- 
ser\"ed by Potter and Schneider (10). This miglit have accounted for the 
slow action of the inhibiting substances. Utilization of the nitroprusside 
test (0.5 cc. of substance under test, 1.0 cc. of 1 per cent sodium C3'anide, 
and 2 drops of 2 per cent sodium nitroprusside) showed that although 1.0 
X 10^ mole of C3’’stine gave a strong^’’ positive test, the solutions of ribo- 
nucleic acid, mononucleotides, aden3’lic and guan3^1ic acids, all of which 
(except the aden3dic acid solution) were more inhibitor" than the C3’stinc, 
gave negative tests. No substances preventing the test were present, for 
on adding 0.5 cc. of C3'stine (1.0 X 10~® mole) to the above su])stances posi- 
tive tests Avere readil3' obtained. 

To ascertain whether the inliibitor3’’ effect of the nucleic acid was due to 
the high pol3Tner fraction, portions of mononucIeotide.s (40.0 mg. per cc.) 
and ribonucleic acid (20.0 mg. i>er cc.) were placed in cellophane tubes and 
dial3’zed against equal volumes of phosphate buffer for IS hours at 7°. In 



292 


MONONUCLEOTIDES AND EN^^VMB SYSTEMS 


the case of the mononucleotides the inlnhiting substance was equally dis- 
tributed between tlic inside and outside of the tul}e, as were the mono- 
nucleotides; with the nucleic acid only 7 per cent of the total amount of 
inhibiting substance had difTused through the cellophane which can be 
accounted for rouglily by the mononucleotides present in this preparation 
(Sample EAo (2)). The above distrilmtions were confirmed by the solid 
matter content of the inside and outside solutions. Accordingly, it must 
be concluded that the inhibitoiy effect of ribonucleic acid is inherent in the 
high polymer fraction. 

Studies of Succinic Dehydrogenase by M ethylene Blue Dccolorizaiion Tech- 
nique — The inhibition data by this procedure arc given in Fig. 3. Ade- 



Fig. 3. Effect of adenosine, adenylic acid, and mononucleotides on succinic de- 
hydrogenase (methylene blue decolorization). The number of moles indicated arc 
contained in the test volume of 3.2 cc. -f adenosine, present study; A adenosine, 
data of Adler, von Euler, and Skarzynski (1); • adenylic acid; O mononucleotides. 

nosine is quite inhibitory and to about the same degree as found by Adler, 
von Euler, and Skarzymski (1); adenylic acid is inhibitory and here the 
effect gives a hyperbolic curve; the mononucleotides were very inhibitory. 
Adenosine and adenylic acid gave a greater degree of inhibition by this 
technique than by the manometric procedure. Since Potter and Schneider 
(10) had observed that numerous substances were oxidized by a similar 
enzyme system to give compounds that were inhibitory, there was a pos- 
sibility that, although sulfhydryd was excluded, other compounds amenable 
to oxidation might be present. As a check on this possibility the enzynie 
was placed in the side arm and the system evacuated, which gave anaerobic 
conditions Imioro the enzyme and inhibitor (mononucleotides) were mixed. 
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The inhibition obtained ^\ith expeiiments performed in this manner was 
about as great as when the substmte was placed in the side arm. 

DISCUSSION 

The nearly equivalent inhibition obtained uith equal weights of ribonu- 
cleic acid and mononucleotides indicates that from a molecular stand- 
point the nucleic acid is much more inhibit or>’' than the mononucleotides 
this finding suggests also that the inhibition must reside in the mononucleo- 
tide radical. This observation did raise the question whether a low molec- 
ular weight substance occurring in both might cause the inhibition. Am- 
monium sulfate was tested, since Greenstein and Chalkley (15, IG) have 
described tissue enzymes capable of deaminating nucleic acids as well as 
nucleotides. The inaction of ammonium sulfate and the apparent non- 
enzjTnatic nature of the time Jag in the effect of the nucleic acid compounds 
exclude this possibility. Sulfhydiyd compotmds, likely contaminants in 
preparations from yeast which is relativeb" rich in glutathione, are ex- 
cluded bj’ the negative nitroprusside test. Pyrophosphates were tested, 
since it was remotely possible that oxidative phosphorj’Iation of the nucleo- 
tides might take place, but these are excluded because of the rapid reaction 
of pjTophosphate as such and the non-enzjTnatic nature of the time lag. 
The results uith the anaerobic meth^dene blue technique appear to exclude 
an oxidative phenomenon. Strong e\ddence that the source of the inhi- 
bition effect is the nucleic acid and the mononucleotides themselves is given 
by the dialysis experiments; in the case of the latter the inhibit oiy substance 
readily dial 3 '’ 2 ed, in the case of the former the inliibitorj' substance was non- 
dial3"zable. Further e^idence for the conclusion that the inhibition is 
inherent in the substances themselves is the dose agreement uith the data 
of Adler, von Euler, and Skarz>mski (1) for adenosine, for it is unlikely that 
a contaminant would appear in both preparations to the same degree. 

Keilin and Hartree (17) have obseiwed that coenz^-mc I (diphosphop^T- 
idine nucleotide) strong^' inliibits succinoxidase. This effect, which was 
found to be due to the ultimate production of the inliibitorj’ oxaJacetic acid 
from succinate, can be excluded in the present case, since the effect they 
obser\'ed occurs slowlj" after the addition of the succinate. It should be 
noted that cocnzjmie II was inhibitor^" to a much less marked degiee and b\^ 
an unknown mechanism. 

Other obscr^Titions have been made of the inliibitoiy action of nucleic 
acid hj’droljdic products; in addition to the work of von Euler ct al. quoted 
uith succinic deln^drogenase (I), lactic acid dehydrogenase (1, 3) and 

*Thc average molecular weight of the mononucleotides is 339, the molecular weight 
of ribonucleic acid is about 10,000; in equal weights of these substances the molecular 
ratio would bo about 30:1. 
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alcohol dehydrogenase (4) were also fonnd to be inliibitcd. Cocnz}Tne I ' 
(diphospliopyridinc niirlcotido) is a component of these last two enzymes, 
and it might be expeel cd lhat the ribomieleolidcs would have a competitive 
effect, but this does not seem (o be the ease (3). , 

Recently Grccnstcin and CJnilkloy (18, 19) Imve reported on theinhibi- 
toiy effect of ribo- and dcsoxynboniiclcic acids on an unknown tissue de- 
liydrogenase and xanlliinc dehydrogenase; under some conditions either no 
effect or stimulation was obtained, depending on the concentration of 
meth 3 dene blue. These workem found that desoxyribonucleic acid wasmore 
effective than ribonucleic acid, as lias been found in the present studies. 
The difference in inhibition observed in the jjrcscnt work with the methylene 
blue decolorization technique and with the manomctric technique maybe 
attributable to variation in the concentration of suitable hydrogen accep* 
tors, as found by the above workers. It should be noted in passing that 
Adler and von Euler (20) found that yeast nucleic acid stimulated a similar 
enzyme preparation, in their ease by a succession of enzymatic reactions 
which produced xanthine wliich in turn served as substrate for the xanthine 
dehydrogenase tliercin; tlymus nucleic acid had no effect. 

Whatever the nature of the inliibition caused by nucleic acids and their 
hydrolytic products which has been observed by various workers, it appears 
to be I'eal and general for oxidation-reduction enzymes. Future studies 
vill show whether other types of enzymes arc affected as well. The obser- 
vations in the present studies and the similar observations of others suggest 
a possible important role of nucleic acids and their hydrolytic products in 
their interaction with the dehydrogenase enzyme systems. The mechanism 
of this interaction and whetlier it has physiological importance remain for 
future studies to reveal. Greens tein and Chalkley (19) feel that their 
observations ^^'ith dehydrogenases and nucleic acid might provide a clue 
to some of the mechanism wliicli nuclear (chromosomal) components exert 
in the maintenance and regulation of cellular functions. 

The interaction of both nucleic acid and mononucleotides on succinic 
dehydrogenase is of great interest and suggests that the ratio of nucleic acid 
to mononucleotides would be of importance, for the diffusible nature of the 
latter extends the range of tlie observed influence of these compounds. It is 
perhaps of great significance that changes in the ratio or amounts of these 
substances occur in pathological conditions (f.c., cancer) and accompany 
irradiation nith ionizing ray^s (x-rays and neutrons). 

SUMMARY 

Equal weights of ribonucleic acid and hydrolyzed nucleic acid (mono- 
nucleotides) were about equally inhibitory to succinic dehydrogenase, 
adenylic acid and guanylic acid Avere both inhibitory. Inhibition was not 
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immediate and appeared to be a slo\% chemical reaction rather than the 
intm^ention of an enzjTne 

Deso\'3Tibonucleic acid nas more inhibitory than anj’- of the above sub- 
stances. Adenosine, which did not inhibit when tested by the manometric 
procedure, was inhibitory nhen tested by the meth5dene blue decolor- 
ization technique. Data obtained indicate that the inhibition was a prop- 
erty of the ribonucleic acid and mononucleotides and not a result of con- 
taminating substances. 

A possible important role for nucleic acid and its hydrol>i:ic products in 
relation to oxidation-reduction enzjTnes has been pointed out and the 
importance of the ratio of nucleic acid to hydrolytic products has been 
suggested in view of the ready diffusibility of the latter. 

Ribonucleic acid and hj^drolyzed nucleic acid (mononucleotides) had a 
negligible effect on cytochrome oxidase, the slight effect in the case of the 
mononucleotide preparation appeared to be due to the sodium chloride 
present. 
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The amino acid glycine is involved n(^t only in protein formation but in 
the synthesis of glutathione, creatine (1), and the protoporphyrin of hemo- 
globin (2). However, the mechanism by which the animal organism forms 
glycine is quite obsctire. It has been generally considered that the “non- 
essential” amino acids are synthesized from a-keto acids either by amination 
with ammonia or by transamination. However, some of the amino acids 
can be synthesized in the animal cell by transformation of one into another, 
with utilization of the carbon structure as weU as the nitrogen. E\’idencc 
has been* obtained for the interrelationship of glutamic acid, proline (3, 4), 
and ornithine (5, 6), of phenylalanine and tjTosine (7), and the conversion 
of serine into cystine (8, 9). 

The observation of Nenbauer (10) that phenylglycinc gives rise to 
phenylglyoxylic acids led to the hypothesis that glycine may be formed 
by a reverse process; f.e., by amination of glyox^’^lic acid. Interest in this 
hypothesis has recently been revived b 3 ' the finding of Ratner, Nocito, 
and Green (11) that an enzyme exists in liver and kidney which catalyzes 
the oxidation of glycine to gl 3 mx 3 ’^lic acid and ammonia. However, Haas 
(12) and Sassa (13) were unable to demonstrate any formation of gh'cine 
from this acid in perfusion and feeding exiDeriments. 

It has been postulated bj" Knoop (14, 15) that a-amino-^-h3"droxy adds 
undergo p oxidation to yield gl 3 xine, since it had been found that ^-phen 3 d- 
serine (14, 16) and 5-phen3d-a-amino-jS-h3"(irox3waleric acid (15) both 
3 nelded hippuric acid when administered to a dog. However, the theor 3 '’ 
actually sheds no light on the nature of the first 2-carbon fragment that is 
split off, for benzoic acid should be formed from these odd numbered acids, 
Avhich in turn would give rise to hippuric acid, regardless of the nature of 
the 2-carbon fragment. 

Recentb", Leuthardt (17, 18) found that on incubation of guinea pig liver 
slices with benzoic acid and glutamine, or dZ-scrinc, or asparagine, or 
Z-glutamic acid, or proline there was an increase in the a-amino nitrogen in 
the h 3 'drolyzed ether extract, presumabh" arising from the h 3 'drol 3 'sis of 
hippuric acid. The roost decided increases were produced b 3 ' glutamine 
and serine. This finding was positive onl 3 ' in the guinea pig. Leuthardt 
suggested that both glutamine and serine were converted to gl3'cine in the 
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liver of the guinea pig. He also found that glutamine was not utilized for 
hipiniric acid foimation in the rat liver (17), and neither he (18) nor Borsook 
and DubnolT (19) were able to demonstrate the utilization of serine or 
glutamic acid for hippuric acid formation in the liver slices of the rat. 

In order to investigate the origin and mechanism of the formation of 
glycine in vivo, a modification of the isotope dilution technique was em- 
ployed. Equimolecular quantities (0.35 mM per 100 gm, of body weight) 
of benzoic acid and of some amino acids labeled with isotopic nitrogen were 
injected intrapcvitoncally into fasting rats and guinea pigs. If the labeled 
compound administered were converted to glycine, the hipjniric acid ex- 
creted would contain excess for it has been previously demonstrated 
by Rittenberg and Schoenheimer (20) that the administration of glycine 
labeled with together with benzoic acid, results in the excretion of 
labeled hippuric acid. Under these conditions the dietary glycine used for 
hippuric acid synthesis was diluted b}’' ^‘endogenous’’ glycine. Since most 
of the test compounds Avere labeled only with the appearance of excess 
isotopic nitrogen in the glycine of the isolated hippuric acid would only be 
indirect proof for the utilization of the carbon structure of the test com- 
pound, for the nitrogen might have been removed from it by deamination 
and then utilized for glycine formation b}'' combination with some other 
compound. However, the detcimination of tlic ratio of the isotope con- 
centration of the test compound, Co, to that of the hippuric acid, C, (the 
dilution factor Co/C) offers a method of differentiating between direct 
carbon utilization and mere nitrogen utilization. The dilution factor for 
glycine should be lower than for any other test compound. This is con- 
firmed by the findings summarized in Table I. The dilution factor for 
isotopic ammonia was also determined and found to be considerabl}'' higher 
than that of glycine. 

The dilution factors of glycine and ammonia can be taken respectively 
as the lower and upper limits for comparison of “natural” amino acids as 
glycine precursors. One primary condition that a test compound must 
meet in order to be considered as a possible precursor of glycine is that its 
dilution factor must be loAver than that found for ammonia. The nearer 
the dilution factor of the test compound to that found for glycine, the better 
the evidence for, and the more extensive the conversion. 

It can be seen from Table I that, Avhereas the dilution factois for glycine 
in the rat and guinea pig are approximately the same, the dilution factors 
for ammonia in these animals are Avidely different; f.c., 21 for the guinea 
pig and 415 for the rat. This indicates that the guinea pig can utilize am- 
monia more efficiently for the formation of glycine or for a glycine precursor 
than the rat. Since the dilution factor for ammonia in the rat is so high, 
the fact that the dilution factors for the other test substances are loAver than 
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that for ammonia is not a sufficient criterion for their conversion to glycine; 
the test substance may merely be a better nitrogen donor for glycine sjmthe- 
sis than ammonia. On the other hand it may be a relatively poor donor, 
as appears to be the case for Z-leucine in the guinea pig. In the rat it is 
more desirable to consider how closelj* the dilution factor of the test sub- 
stance approaches that of glycine. 

It can be seen from Table I that the dilution factor of Z-serine more closeU" 
approximates that of glj'cine than any other test compoimd in both guinea 

T\BLb I 

Utilization of Nitrogen-Containing Compounds for Glycine Formation 


0 35 mit of a compound labeled with N'* and 0 35 imi of benzoic acid per 100 gm. 
of body weight were injected intraperitoneallj- into fasting rats and guinea pigs. 


CoTipound adTiinistcrcd 

Xu eicess of isolated 
hippunc acid 

i 

1 Dilution facto' 

1 (10 

Compound 

excess 

(C*) 

Rat 

Guinea 

1 pis 

Rat 

Guinea 

piz 


1 cton 

1 etem 

cion 




ftT cent 

urt 

1 ptT Ctrl 



Glycine 

i 1 12 

j 0 406 

0.459 

1 2 8 

2.4 

.Ammonia* 

2 35 

0 006 

0 115 

390 

20 

tt 4 

32 5 

0 074 

1 466 

440 

22 

Z-Serine 

1 89 

0 345 

0 483 

5 5 

3.9 

d-Serine. 

1 89 

0 012 

0 013 

15S 

145 

Z-GIutamic acid 

0 86 

0 019 

0 aS7 

45 

10 

d-Glutamic 

4 50 

0 003 

0.010 

1500 

450 

dZ-Glutamic “ t ! 

4 45 

0 069 

0.345 

54 

13 

dZ- Aspartic “ t 

4 05 

0.070 

0.21S 

58 

19 

Z'Alanine 

1 97 

0 021 

0 092 

94 

21 

dZ-Prolinet 

11 6 

0 245 

0 494 

47 

23 

Z-Lcucine 

4 67 

0 039 1 

0.0S7 

120 

54 

Ethanolamine 

1 

2 00 

0.006 1 

0 035 

334 

57 


* Administered as ammonium citrate 

t 0 35 mM of the Z + 0 35 mw of the d compound per 100 gm of body weight. 


pig and rat, 5.5 in the rat and 3.9 in the guinea pig. This finding strongly 
indicates an extensive and rapid conversion of Z-serine into glycine nith 
utilization of the carbon chain and without loss of the a-amino group, unless 
a specific transamination is involved. This conversion is specific for the 
Z isomer, as can be seen from Table I. Verj^ little of the labeled N was found 
in the hippuric acid after the administration of the d-serine. That the 
metabolic pathway’s of the tw*o isomers differ is also shown by the work of 
Artom, Fishman, and Morehead (21) who demonstrated that the d isomer 
is toxic. 
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The onl}’’ other amino acid tested which may be converted into glycine 
is Z-glutamic acid (dilution factor 10 for the guinea pig, 45 for the rat). 
Whether the carbon of glutamic acid is utilized for glycine formation, even 
in the guinea pig, is difficult to decide, for glutamic acid seems to be the most 
rapid and effective nitrogen donor for metabolic nitrogen and the value of 
10 for the dilution factor in the guinea pig might arise from an efficient 
transfer of the nitrogen from the glutamic acid to some precursor of glycine. 
On the other liand, aspartic acid and probably alanine are also efficient 
nitrogen donors; yet these amino acids are no better than ammonia in the 
guinea pig. The results here reported, taken in conjunction with those of 
Leuthardt (17), at least suggest the possibility that glutamic acid may be 
converted into glycine perhaps by first forming serine b^'' /9 oxidation. A 
definite decision must await experiments in which glutamic acid is labeled 
with heavy carbon. 

The presence of a small amount of in the hippuric acid when leucine, 
alanine, aspartic acid, and prolinc wc]*e administered is ascribable to the 
utilization of the nitrogen of these amino acids, but not of carbon. The 
apparently more efficient use of the nitrogen of aspartic acid and proline is 
probably due to the fact that these amino acids were given as a racemic 
mixture; 0.35 mM of the I fonn and an equal amount of the d foim were 
injected. If any of the nitrogen of the d isomers was utilized, in contrast 
to the non-utilization of the nitrogen of the d-glutamic acid (Table I) 
which is largely excreted unchanged (22), the dilution factor would be lower 
than that Avhich would have been found with the I isomer (0.35 mM per 100 
gm. of body weight) alone. It would appear therefore that a considerable 
fraction of glycine is synthesized in the animal body from Z-serine. 

The above data indicate that Z-serine is directly converted to glycine. 
The conversion could proceed by an}^ one of three possible mechanisms. 
(1) The serine could first be decarboxylated to 5deld ethanolamine, which in 
turn could be oxidized to yield glycine. (2) The serine could be converted 
to free aminomalonic acid by oxidation occurring on the ^-carbon, which 
would yield glycine by loss of either carboxyl group. (3) The /S-carbon of 
serine could undergo a partial oxidation to yield formjdglycine, which by 
hydrolytic cleavage would give rise to glycine and formic acid. 

In order to elucidate the mechanism of the conversion of serine into 
glycine and eliminate the remote possibility that only the nitrogen of 
serine is utilized for glycine formation, serine was S3mthesized with N'® in 
the amino group and in the carboxyl group. This was administered to 
the rats and guinea pigs, and glycine was isolated from the excreted hippuric 
acid. The finding of in the glycine definitely proves the conversion of 
serine into glycine and the finding of and of in almost unchanged 
ratio in the glycine eliminates ethanolamine as an intermediate (Table II). 
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This conclusion was corroborated in an experiment in which ethanolaraine 
labeled with was administered together ^vith benzoic acid to the animals, 
and the dilution factor determined after isolating the hippuric acid. It can 
be seen from Table I that the dilution factor Is 57 for the guinea pig and 334 
for the rat, showing no conversion of ethanolamine to gh'cine. The con- 
version of serine to ethanolamine shora by Stetten (9) may therefore pro- 
ceed through the intermediate formation of glycine rather than by direct 
decarboxylation (23). 

The approximate equality of the ratios contraindicates the 

participation of free aminomalonic acid as an intermediate, for if this latter 
compound were first formed, the ratio would be twice as high as that found. 

Table II 

Conversion of dl-Serinc, Labeled tcilh xn Carboxyl Croup and wi'lh lo Glycine 


0.35 mM of rff'Serine (0.175 iriM of Ihe d 4* 0.175 mil of the I compound) and 0.35 
mM of benzoic acid per 160 gm. of body weight were injected intraperitoncally into 
fasting rats- and guinea pigs. 


j 

Compound initcifd 

cxce^ of 
glycine of 
boUttd 
hippuric 
acid 

(O 

[ excess of ; 

1 carboxyl group i 
of glycine of ! 
[ isolated hip. 

1 puric acid 
i (C) 

.. .a 

dilution ' 
factor ! 

(1)1 

ratio of 
glydce of iso- 
lated hippuric 
acid 

(§) 


1 

ex- 

cess 

(C*) 

1 o» 

j excess 

1 in 

1 car- 

|b0X>'l 

group 

«) 

i 

ratio 

(I) 

Rat 

Guinea pig 

Rat 

1 

i 

1 Guinea 
pis 

1 

1 

Rat 

1 

^ 1 
*E- j 

I 2 

1 ^ ! 

1 

Rat 

1 i 
} 

1 

« j 
£ 

u 1 

1 

1 

Rat j 

1 

1 

1 

Guinea 

pig 

df-Se- i 

alert 
ptr 
cent ' 

1 

alert ! 
per ' 
cent 

1 

i altrrt 1 
per 
cent 

j atan 

1 per 
j cent 

j fftJr* 1 
i per ! 

1 

i 

alert 1 
per ' 
cent 


i 

j 


! 


i 

i 

rine... 

4.53 

2.3S 

1.90 

0.614 

I 0.799 

! 

, 0.34G 

0.410 

I 

» "*■* 

5.7 

6.9 


,1.77 

j 1.95 


since either of the two carboxyl groups could be split off. Were aminoma- 
lonic acid actually an intermediate, the equality of the ratio would 

be conceivable if serine was reversibly deaminated and by a coincidence the 
rate of this reaction was of such a magnitude as to leave the ratio 

unchanged. The probability of such a coincidence appears remote; it seems 
reasonable to conclude that serine is converted into glycine by the splitting 
off of the /S-carbon. 

The essential equality of the ratios in tlie serine admini<tercd and 

the glycine isolated could have come about only by the splitting off of the 
^•carbon in the conversion of serine to glycine and equal utilization of the 
nitrogen, carboxyd, and a-carbon atoms of serine. The elimination of the 
^-carbon from serine may take place by a reverse aldolization, as postulated 
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by Nicolet (24) for the formation of glycine from serine by alkali treatment, 
or it may take place by p oxidation followed by hydrolytic cleavage, as 


H H 

HO— C— C— COOH 
H NHj 


(- 2 H) ^ 


II H 

o=c— c— coon 

Nil. 


H.O 

y 


CH2NH2COOK + HCOOH 


This would represent an extension of Knoop’s theory of p oxidation of fatty 
acids to a compound containing an amino group on the a-carbon. How- 
ever, this appears to be a special case in the sense that the |3-carbon must 
first be partially oxidized, for alanine is not oxidized to serine (Table I). 
Further, both Daldn and I^noop found that while phenylserine (14, 16) 
and 5-phenyl-a:-amino-j3-hydroxyvaleric acid (15) gave rise to hippuric 
acid phenylalanine did not (IG). Whether this reaction is general for all 
a-amino-i3-hydroxy acids is still unknovm. 

The presence of the and labels of serine in the glycine of the hip- 
puric acid could conceivably be due to the conversion of the Z-serine first to 
N-benzoylserine, and then to hippuric acid. However, this possibility is 
eliminated by the finding of Magnus-Levy (25) in the rabbit, confirmed by 
the present author in the rat and guinea pig, that administered N-benzoyl- 
serine was excreted unchanged and not converted into hippuric acid. 

The observation that the ratios in the serine and the glycine are 

almost equal raises the question of amination of a-keto acids. It would 
appear that if serine or the glycine formed from the serine is deaminated 
and resynthesized by amination the over-all process must take place at a 
very slow rate, for the dilution factor would otherwise be much higher 
than that found for and the ratio of the isolated glycine much 

lower. It is well knoAvn that the keto acids corresponding to alanine, 
aspartic acid, and glutamic acid can be aminated by transamination 
(26, 27) and that a-ketoglutaric acid can be reductively aminated Avith am- 
monia to form glutamic acid (28). Also, the finding of on the a-amino 
groups of the essential amino acids, with the exception of lysine (29, 30), 
and the utilization for growth of some of the d isomers of the essential 
amino acids (31) show that the a-keto acids of these amino acids can be 
converted into the corresponding amino acids. Though it is recognized 
that probably all of the amino acids are deaminated, evidence is accumulat- 
ing that some of the keto acids are not reaminated either by reductive 
amination or by transamination. It has recently been sho^vn that arginine 
does not undergo this reversible reaction (6) and the present report indicates 
that this is probably true also for serine and glycine. 

These findings demonstrate that some of the non-essential amino acids 
are formed directly from other amino acids rather than by amination of 
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their keto acids excluavely. Moreover, all relevant information on record 
suggests that the animal organism can sjmthesize the carbon chain of only 
those a-keto acids Tvhich arise in the metabolism of the carbohydrates; 
namely, pyruvic, oxalacetic, and cr-ketoglutaric acids. Of the amino acids 
which arise from these keto acids, glutamic acid may play a central r61e in 
the formation of other non-essential amino acids. Glutamic acid has been 
shown to be intimately related to the 5-carbon amino acids proline (3, 4) 
and ornithine (5, 6) , As a result of the present work and that of Leuthardt 
(17), it appears that glutamic acid may be converted to glycine. The in- 
termediate of this conversion might be serine arising from oxidation. 
Moreover, the formation of cystine from serine has been shown (8, 9), and 
now’ the conversion of serine into glycine has been definitely established. 
It is significant that the carbon structure of threonine and the amino acids 
having more than a 5-carbon chain length, a branched chain, or a ring 
system do not seem to be synthesized in the rat. 

The high degree of utilization of serine (comparison of the dilution factor 
of glycine and the dilution factor of Z-serine) for glycine formation found in 
these experiments may be misleading, for the animal cell may be carrying 
out this conversion to an abnormal extent under the stimulus of the neces- 
sity for eliminating the benzoic acid. A more significant value should be 
obtainable by comparing the formation of hemin or creatine from the 
labeled serine and glycine. 


EXPERiaiEXTAIi 

Administralion of Test Substances — ^A solution containing 0.35 mil of 
the neutralized test substance and 0.35 mu of sodium benzoate per 100 gm. 
of body iveight w'as injected intraperitoneally into the rats (220 to 300 gm.) 
and guinea pigs (280 to 500 gm.) which were fasted previously^ for 24 hours. 
Each test substance ivas administered to a group of at least tw’o animals. 
The urine ivas then collected for 24 hours, during which time food was still 
withheld from the animals. 

Isolation of Hippuric Acid — ^The urine from the experimental animals of 
each group w'as pooled, filtered, acidified to Congo red paper with dilute 
sulfuric acid, and then extracted with ether for 5 to 8 hours in a continuous 
extractor. The ether solution was evaporated on a steam bath and the 
residue recrystallized several times from hot w’ater, charcoal being used- 
W’hen necessary. All the samples of hippuric acid isolated melted at 191- 
192°, 

Glycine from Hippuric Acid — In the experiment in which serine containing 
C“ w’as administered it became necessary to isolate the glycine from the 
hippuric acid in order to reduce the dilution of C*’ by the carbon of the 
benzoyl group. The hippuric acid isolated from the urine of the rat.s and 
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guinea pigs was hydrolyzed by boiling for 5 hours with 20 per cent hydro- 
chloric acid. The solution was diluted with an equal part of water, cooled, 
and extracted several times with ctlicr. The aqueous solution was taken 
to dryness in vacno and the residue dissolved in water. The chloride was 
removed with silver carbonate and the silver removed from the filtrate 
with hydrogen sulfide. Gl 3 ’’cine was isolated from the concentrated filtrate 
by the addition of alcohol and rcciystallizcd from a solution of water and 
alcohol. 


C 2 II 5 O 2 X. Calculated, N 18.7; found, N IS.S 

Glycine — Glycine was sjmthesizcd in the manner described by 
Schoenheimer and Eatner (32). It contained 1.12 atom per cent exce^ss 

Ammonnnn Citrate — 0.008 equivalent of ammonia generated from 
isotopic ammonium chloride was distillqd into a solution containing 0.02 
equivalent of citric acid. One sample contained 2.35, another 32.5 atom 
per cent excess 

l-Ghdamic Acid — The /-glutamic acid was prepared hy the isolation 
of /-glutamic acid from protein hydrolysates after the addition of isotopic 
(//-glutamic acid to the protein hydrolysate, as described in the isotope 
dilution method for amino acid anal^^sis (33). It contained 0.862 atom per 
cent excess The specific rotation, based on free glutamic acid, was 
Wd = +31 .0° (2 to 3 per cent in 2.5 N HCl). 

dl- Aspartic Acid — The (//-aspartic acid was synthesized in the manner 
described by Schoenheimer and Eatner (32). It contained 4.05 atom per 
cent excess 


CJTtO^N. Calculated, N 10.5; found, N 10,5 

U Alanine — (//-Alanine containing 1.97 atom per cent excess was 
prepared by condensing acetaldehyde, isotopic ammonium chloride, and 
sodium cyanide according to the method of Kendall and McKenzie (34). 
The isotopic /-alanine was prepared from the strychnine salt of benzoyl- 
(//-alanine according to the method of Dunn ct al. (35); [aJn = +13.5° (3.5 
per cent in 6 N HCl). 

A^® dl-Proline — The (//-proline was S 3 mthesized from isotopic potassium 
phthalimide (32) by the method of Sorensen and Andeisen (36). The pro- 
line contained 11.6 atom per cent excess N^®. 

C5H9O2N. Calculated, N 12 . 1 ; found, N 12.1 

Ethanolaminej ULexici?ic, dUGhdamic Acid^ and d-Glidamic Add — The 
sample of ethanolaminc, containing 2.00 atom per cent excess N^®, was pro- 
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pared by Dr. K. Bloch (l),and the samples of Meucine, containing 4.67 atom 
per centexcess N*® (32),d/-glutamic acid, containing 4.45 atom per cent excess 
and d-glutamic acid, containing 4.50 atom per cent excess (22), 
were prepared by Dr. S. Ratner. The author wishes to express his thanks 
for these preparations. 

dl’Serine — Isotopic glycine Avas prepared as above and esterified with 
ethyl alcohol. The gl3"cine ethjd ester h3^drochloride was benzo3dated 
b3^ the method of Franzen (37). The eth3d hippurate conA’erted to 
N-benzo3^1serine eth3d ester b3^ condensation Anth eth3d formate and re- 
duction AAith aluminum amalgam according to the procedure of Erlcnme3'er 
and Stoop (38). Seiine AA'as isolated from the aboA'e deriA’atiA'e b3' h3"dro- 
b’zing Avith 20 per cent HCI, filtering off the resultant benzoic acid, re- 
moving chloride ion Avith silver carbonate, CA^aporating, and precipitating 
with alcohol (7). The serine contained 1.89 atom per cent excess 

CjHTOaX. Calculated, X 13.3; found, X 13.2 

UScrine and d-Serine — ^The p-nitrobenzoyl deriA^atiA^e of the aboA^e 
racemic serine AA’as resoh'ed into the d and I components b 3 ' forming the 
quinine salt of the d component and the brucine salt of the I component 
according to the method of Fischer and Jacobs (39). 

l-Serine — Wd = —6.8° (3.5% in water) 

d-Serine — [alu = -}-7.0® (3.5% in water) 

and dl-Serine Glycine con- 

taining C” in the carbox3d group and X*^ was S3Tithesizedby first condensing 
phthalimide AA’^th formaldeh3^de b3' the procedure of Sachs (40) . The result- 
ing h3’drox3TQeth3'lphthalimide aa’os conA’ertcd to chloromethylphthalimide 
b3^ treatment AA'ith thion3’l chloride and the latter compound aa'os converted 
to c3"anomethylphthalimide b3’’ treating it Avith sodium C3'anide, labeled with 
C“, by the procedure of Sakami, EA'ans, and Gurin.^ The c3'anometh3i- 
phthalimide aa’os h3'drol3"zed AAith a mixture of h3"drochloric and acetic acids 
and gl3’'cinc isolated.* The gb'cine A\'as con\’erted to serine in the manner 
described aboA’e. Tlie serine contained 4.53 atom per cent excess X*^ and 
0.792 atom per cent excess C*^; the carbox3i group contained 2.38 atom per 
cent excess 

N-Bcnzoyl-dl-Serinc — X-Bcnzo3i-d/-scrine Avas s3’nthesized b3’ a method 
similar to that described b3' Sorensen and Andersen (41) ; m.p. 169°. 110 and 
125 mg. of this compound AA'cre injected intraperitoneall3" respectiveb" into 
a fasting rat and a fasting guinea pig and the urine of these animals AA'as 
collected separate^" for 24 hours. The urine samples AA'ere acidified to 
Congo red paper AAith dilute sulfuric acid and then e.xtracted Avith ether for 

* Sakami, W., Evans, W, F., and Gunn, S., priA-ate communication. 
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15 hours in a continuous extractor. The ether solutions were evaporated 
and the residue recrystallized from water with the aid of charcoal. 68 and 
76 mg. of N-benzoyhdZ-serine were isolated from the guinea pig and rat 
urines respectively. The isolated material melted at 167-168® and gave no 
depression in the melting point when mixed with an authentic specimen of 
N-benzoyl-d/*serine. 

Isotope Analysis — The anal 3 ''sis was carried out in the usual fashion 

with the mass spectrometer. The analysis was carried out by burning 
the compounds and analyzing the CO 2 vith the mass spectrometer. The 
author wishes to express his appreciation to Mr. I. Sucher for the isotope 
analyses. 


SUMMARY 

Amino acids, labeled with together with benzoic acid were injected 
into rats and guinea pigs and the isolated hippuric acid was analyzed for its 
concentration. By-comparing the dilution factor Co/C (Co = con- 
centration of administered compound, C = concentration of hippuric 
acid) of several amino acids with that found for glycine and ammonia, it 
was found that only Z-serine is directly converted, with utilization of carbon 
and nitrogen, into glycine in the rat and guinea pig. It would appear 
from the data that a considerable fraction of Z-serine is converted to glycine 
in the rat and guinea pig. 

The mechanism of this conversion was established by employing serine 
labeled with in the amino group and with in the carboxyl group. 
It was found that Z-serine is converted into glycine by the splitting off of the 
/3-carbon atom. It was also found that the ratios of the admin- 

istered serine and of the glycine of the excreted hippuric acid are essentially 
the same. 

The formation of some of the amino acids is discussed. 
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THE jMETABOLISM OF METHYLXANTHIKES AND THEIR 
RELATED METHYI.URIC ACIDS*^ 

By VICTOR C. MYERS and RAMOX F. HAXZALf 

(From the Department of Biochemistry ^ School of Medicine j Western 
Reserve University j Cleveland) 

(Received for publication, Xovember 21, lt>45) 

In studies on man jMyem and Warded (1) showed that the ingestion of 
caffeine and theophylline resulted in an increased excretion of uric acid as 
determined by colorimetric (Benedict-Frankc (2), Benedict-Hit chcock (3)) 
methods, and as determined in one experiment with theoph 3 ^ 11 ine bj' a 
gra\imetric method. On the other hand no increase in uric acid excretion 
was noted ^^’ith the colonmetric method after the inge.stion of theobromine. 
These authors suggested the possibilitj- that the apparent increased ex- 
cretion of line acid might be due to partial oxidation of the mcthjTxanthines 
in position 8 and thus in their conversion to methjduric acids. In support 
of this hj-pothesis they found that 1- and 1 jS-methjduric acids gave a good 
color reaction A^dth the Bencdict-Franke procedure, that 1 ,3,7-trimeth3d- 
uric acid gave a trace of color, while 7- and 3,7-meth3duric acids gave no 
color with the color reagents. 

It seemed desirable to stud\" this question further in an effort to elucidate 
more fulh" the changes which occur in the methjdated xanthines when in- 
gested. Not onh' are these methj'Lxanthines quite universally consiuned 
by man in such beverages as coffee, tea, and cocoa, but the 3 ' are also used 
as diuretics (especialh^ theobromine) and in coronar 3 ' heart disease (theo- 
ph 3 "lline). 

We were fortunate in securing a reasonable quantit 3 " of the various 
meth3duric acids from Professor Hermann Biltz of the Universit 3 " of Breslau, 
and this has permitted us to stud 3 '' the fate of these meth 3 duric acids in the 
animal bod 3 ' and to compare them vdth the products excreted in the urine 
after the ingestion of the meth 3 ’lxanthmes- 

Preliminar 3 " reports of our studies on the meth 3 ’luric acids and meth 3 'l- 
xanthines were made some time ago (4,5), but final presentation of the data 
has been dela 3 'ed in the hope that we might make microanab’ses on the 
meth 3 'luric acids wg, believed to be excreted nfter the ingestion of the 

* A report on Fome of these observations was presented before the Thirteenth 
Internulional Physiological Congress, Boston, August, 1929 (4), and the American 
f?ocieiy of Biological Chemists, Philadelphia, April, 1932 (5). This investigation was 
made \\\{h the jissistancc of a grant from the Committee on Therapeutic Research, 
Council on Pharmac 3 * and Chemistrj’, American Medical Association. 

t Present address, Killian Research I.kaboratories, Xew York. 
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methylxanthines. This has not yet been done, but publication of our 
results should not be delayed longer. Recently Buchanan, Avith Block and 
Christman (6, 7), has carried out studies, in which the authors served as 
subjects, on the fate of the methylxanthines, theophylline, theobromine, 
and caffeine, with the aid of unease. Their observations are in complete 
harmony with our hypothesis and our findings on the influence of the 
methyluric acids on the apparent uric acid excretion, as determined color- 
imetrically. These authors state, '^The ingestion of caffeine or theophylline 
by human subjects is followed by a definite increase in the excretion of 
phosphotungstic acid-reducing materials as measured colorimetrically by 
both the direct or silver precipitation methods for the determination of uric 
acid. The administration of theobromine causes ‘no such increase in uric 
acid excretion. The fractionation of tliis chromogenic material into true 
uric acid and residual reducing materials by the use of the enzyme uricase 
shows that the true uric acid excretion is increased very little, if at all, over 
a 24 hour period. . . The ingestion of caffeine or theophylline causes a very 
definite increase in the excretion of phosphotungstic acid-reducing materials 
which are not oxidized by incubation with uricase. Evidence has been 
presented which suggests that these materials may be 1-methyluric acid, 
3-methyluric acid, or 1, 3-dimeth3duric acid formed by the oxidation and 
partial demethylation of the methylated xanthines.’’ 

Most experiments dealing with uric acid metabolism have been carried 
out on man, since other mammals, with the exception of man and the an- 
thropoid apes, excrete allantoin as the end-product of purine metabolism 
rather than uric acid. In 1916 Benedict (8) made the interesting observa- 
tion that the pure blooded Dalmatian coach-dog excretes uric acid in much 
the same manner as man. Owing partly to the fact that we desired to study 
the metabolism of synthetic methyluric acids of unknown toxicity, as well 
as that of the methybeanthines, the Dalmatian dog was selected as the ex- 
perimental animal in the cnicial part of this study. This was done because 
we wished to be able to detect any conveision to uric acid in case demethyla- 
tion occurred in the methyluric acids and demethylation and oxidation in 
I)osition 8 occurred with the methylxanthines. We realized that in trying 
to determine the fate of administered methylxanthines and methyluric 
acids, animals with high uricolytic indexes would possess certain advan- 
tages, since uric acid itself would largely be destroyed in the body and thus 
confusion TOth other color-reacting substances which might be excreted in 
the urine would be avoided. Our first studies mth the methyluric acids 
were carried out with the albino rat, which, according to Hunter and Givens 
(9), has a uricolytic index of 96. However, it is unfortunate that we did 
not parallel some of our later studies with methyluric acids and methyl- 
xanthines made on the Dalmalian dog with similar studios on the common 
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breed of dog, in which the uricol 3 i:ic index Ls 98. Thi« would have given 
us information similar to that obtained by Buchanan d aL (7) on human 
urine with the aid of iiricase. 


EXPERIMENT 

Color Developed irith Methyluric Acids — ^When the different raethjduric 
acids were dissolved in buffer phosphate solution in the same manner as in 
the preparation of the uric acid standard for the Benedipt-Franke method 
and the color developed, the results given in Table I were obtained. The 
comparison with uric acid is on a gm. molecular basis. The color develop- 
ment was carried out at room temperature, as in the Benedict-Franke 
method for urine, but essentially the same results were obtained when the 
color w*as developed in a boiling water bath. Aqueous solutions of methyl- 
uric acids yielded the same amount of color. Color failed to develop when 


Tabix I 

Colonmetnc Values for Methyluric Acids vnth Benedicl-FrariJ e Reagents 


Metbylonc a.ad 

Color valao m_lcn 2 S of 
one zed 

1-Monomethyluric acid. 

f<T cai 

85 

1,3-I)imeth>luric “ . 

72 

3-MonomethyIurjc “ . . 

29 

3,9-DijnethyIuric “ . . 

12 

1,3,7-TrirQethyluric “ . 

5 

7-MonomethyIuric ** 

Mere trace 

1,7-Dimethyluric “ 

<( (< 

3,7-Dimpthylunc 

(C l< 


solutions of the methjiuric acids were warmed with alkali and carefully 
neutralized, and when treated with Hydrogen peroxide. 

It win be noted in Table I that 1- and 1,3-methyluric acids jield 
about three-quarters as much color as uric acid, while 3-meth3iuric acid 
gives less than a third the color and 3,9-methyluric acid gives about an 
eighth the color developed by uric acid under similar conditions. Of the 
four methyluric acids with methyl groups in position 7 (7-, 1,7-, 3,7-, and 
1,3,7-methyluric acids), only the last responds to the color reaction, and 
then only to the extent of 5 per cent. Buchanan, Block, and Christman 
(6), employing samples of the same methyluric acids by a somewhat dif- 
ferent procedure for developing the color, obtained results which in general 
parallel those of Table I but differ some in percentage values obtained. For 
example, they obtained more color for 1-methyluric acid, less for 1,3-di- 
methyluric acid, and about the same for 3-methyIuric acid. With 1,3,7- 



312 


METHYLXANTHINES AND METHYLURIC ACIDS 


trimethyluric acid they report a trace, while we found 5 per cent of color. 
On the other hand they found 2.2 per cent of color with 1 ,7-dimcthyluric 
acid, while we obtained only a trace of color. 

Sohihiliiics of Methyhiric Acids — As a preliminary to devising a scheme 
whereby it might be possible to isolate the methyluric acids from urine, it 
seemed necessary to ascertain their solubilities in water. This was deter- 
mined at 17.5° and 37.5°. With the exception of 3-monomethyluric acid all 
of the methyluric acids were much more soluble in water than uric acid. 
3-Monomethyluric acid is comparatively insoluble, 1 part in about 18,000 
parts of water, but the remaining methyluric acids studied were much more 
soluble, 3,9-dimethyluric acid having a solubility of about 1 in 5000 parts 
and the remainder being increasingly soluble in the following order, 
1-, 3,7-, 1,3-, 1,7-, and 1 ,3,7-methyluric acids, the last named being 
soluble in about 200 parts of water. It is evident that on the basis of 
solubilities it should be possible to separate uric acid from the more soluble 
methyluric acids by fractional crystallization. 

The several methyluric acids are all precipitated by both ammoniacal 
silver magnesium mixture and Folin’s silver lactate-lactic acid solution, 
but mth about half the methyluric acids the precipitation occurs only on 
standing. 

Methods for Metabolism Studies — Total nitrogen was determined by the 
Kjeldahl distillation and titration method (a micro technique being used 
with the rat) and creatinine by the original Folin method. The uric acid 
estimations were made by the Benedict-Franke direct colorimetric method 
(2) under rigidly controlled conditions. Urines were so diluted that nith a 
standard containing 0.20 mg. of uric acid diluted to 50 cc. after color devel- 
opment and set at l6 mm., the unknowns would read between 10 and 20 
mm. in a visual colorimeter. As long as these conditions were strictly 
followed, the error in the determination of check solutions appeared to be 
very small. 

Experiments loitli Albino Rat — The animal studies with the methyluric 
acids were begun with metabolism experiments on the albino rat. In 
most instances these were of 6 days duration, with a 2 day control period 
and a 4 day experimental period after intraperitoneal or oral administra- 
tion of the several methyluric acids. Total nitrogen, creatinine, and uric 
acid were estimated in the daily urine samples, the constancy in the results 
for total nitrogen and creatinine being equal to that obtained with the dog. 
The rat normally excretes very little uric acid (1 to 2 mg. per day). From 
this point of view the rat should be a favorable animal in which to study the 
methyluric acids. If the methyluric acids are not acted upon by uricase or 
othe^^^1se destroyed, they should in all probability be excreted in the urine, 
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and the methyluric adds which respond to the uric acid color reagent could 
be recognized and roughly determined in this way. 

Nineteen such experiments were carried out. The observations are 
summarized in Table II. It is at once apparent that only those methyluric 
acids which give a color response to the uric acid reagent influence the out- 
put of substances determined colorimetricall}^ as uric add. It w'ould 


Tablt: II 

Infiuence of Administralion of Methyluric Acids on Daily Output of Uric Acid As 
jDefcnmnerf Colorimetrically Vn Rat 


Eiperi- 

incntKo. 

iJethylttric add zd- 
nunUtcred 

Hotc administered 

j Control 
averages 

, Averases 

1 of eiperi- 
■ mental 

Extra 

J uric add 

I 

! Recovery 

Type 

; Amount 

i 

1 period 


1 

1- 

Wf. 

10 

In traperi tone ally 

ns, 

1.6 

1 wf* 

1 3-7 

[ «r- 

8.4 

per cent 

j 100 

2 

1- 

10 

i ** 

2.0 

: 4.2 

1 9.0 

3 

1- 

; 20 

1 Orally 

2.1 

1 2,8 

i 2.8 

i 

4 

1- 

1 20 

IL 

2.1 

i 2.6 

[ 2.0 

5 

3- 

j 20 


0.7 

i 0.7 

0 


6 

3- 

15 

Intraperitoneally 

0.6 

0-5 

0 


7 

1,3- 

23 

Orally 

1.1 

2.4 

1 2.7 

20 

i 

8 

1,3- 

17 


1.2 

1 1.9 

3.0 

9 

1,3- 

9 

Intraperitoneally 

2-4 

3.4 

5.0 

150 

10 

1,3- 

12 

** 

1.4 

4.3 

17.4 

11 

3,9- 

20 

Orally ' 

O.S 

O.S 

0 


12 

3,9- 

20 

Intraperitoneally 

0-8 

0.8 

0 


13 

1,7- 

20 

Orally 

0.9 

0.9 

0 


14 

1,7- 

10 

Intraperitoneali}' 

1.0 

l.l 

0 


15 

3,7- 

20 

Orally 

0.0 i 

0.9 i 

0 


16 

3,7- 

20 

Intraperitoneally 

0.8 

0.9 

0 


17 

1,3,7- 

22 

Orally 

0.9 

0.0 

0 


18 

1,3,7- 

10 

Intraperitoneally 

1-0 

1.3 

1.3 

300 

19 

1,3,7- 

10 

** 

l-I 1 

1.5 

1.7 


Controls are averages of 2 to 4 days, and experimental periods averages of 2 to 6 
da 3 ’s (4 days in sixteen experiments). The recoverj' is calculated on the basis of the 
colorimetric values for the methyluric acids given in Tabic I. 


appear that 1- and 1 , 3 -meth 3 duric acids are quite completeh" excreted in 
the urine when given intraperitoneall 3 % but that fully 80 per cent disappeais 
when administered oralty. In the case of 1 ,3,7-trimethyluric acid the 
recovery’ is 3 times the theoretical without some demethylation of this 
Tnethjduric acid. Since this methjiuric acid yields onh^ 5 per cent the 
color of uric acid, tire figures for extra uric acid u’ere multiplied by 20. The 
chance for error here is large, but it seems probable that there has been some 
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demethylation in position 7, resulting in increased color development. The 
observations on 1-, 1,3-, and 1 ,3,7-methyluric acid made on the rat har- 
monize very welhvith the data given in Table I, although 3- and 3,9-methyl- 
uric acids, which yield some color Avith the uric acid reagent, did not influ- 
ence the apparent uric acid excretion after ingestion. It may be noted 
that of the seven different methyluric acids studied these two are much the 
least soluble. However, a more probable explanation for the absence of 
any extra uric acid would be the demethylation of the methyluric acids, 
especially 3-methyluric acid, and subsequent destmction of the uric acid, 
since an increased excretion of uric acid was found in similar experiments 
on the Dalmatian dog, as shown below. 

Ex'pcriments with Dalmatian Dog — The experiments were carried out on a 
Dalmatian bitch of kno^vn pedigree, purchased from kennels specializing 
in this breed. JsX the beginning of the experiment it was 10 months old 
and weighed 15.5 kilos, a weight maintained throughout the experiments. 
The diet \vas purine-free, but, since there were some variations in the control 
uric acid values in the ^veral periods in which the methyluric acids and 
methylxanthines were administered, the control data for total nitrogen, 
creatinine, and uric acid are given in Table III to aid in the evaluation of 
the colorimetric uric acid outputs for the experimental periods. The 24 
hour urine specimens were separated at the same hour dail3^ by catheteri- 
zation. 

Normal Uric Acid Excretion — From the beginning of the experiments in 
March, until June 6, 1929, the dogwas fed on a diet of bread and milk plus 
cod liver oil and salt mixture (10). It was calculated to contain 1870 
calories. Benedict had maintained a Dalmatian dog on such a diet for a 
period of a year without any deleterious results. During the summer the 
dog was kept on a farm, the diet being kitchen scraps and milk. In the 
fall, when brought back to the laboratoiy, the bread and milk diet was 
resumed. This resulted after a few days in an increased output cf both 
total nitrogen and uric acid, as will be noted in Table HI, the uric acid 
rising from a 24 hour average of 416 mg. to 582 mg. On this account the 
diet was reduced to 1400 calories on September 23. Although a positive 
nitrogen balance was maintained, the uric acid in the control period, October 
11 to 13, fell to a daily average of 325 mg. From then on until the end of 
December the endogenous uric acid output gradually rose, and from Decem- 
ber 21 to 23 averaged 427 mg. In January the synthetic diet of Cowgill 
(10) containing 1243 calories was used, and there was again a considerable 
drop in the endogenous uric acid output, the average of the three final 
periods being 307 mg. 

The increased output of uric acid which occurred on resumption of the 
bread and milk diet in September and the subsequent drop which occurred 
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in October, when the diet was reduced 25 per cent, were ob^dously due to 
changes in the diet. Later in November and December, while on this same 
reduced bread and milk diet, the uric acid returned nearly to its initial 
level. It again dropped in January when the CowgiU diet with a 10 per 
cent further reduction in calories was emplo 3 'ed. It will be noted that the 
changes which occurred in the uric acid output were far greater than those 
in total nitrogen. There is no reason to suppose that the ingestion of the 
methyluric acids or methybcanthines had more than a temporarj" influence 


Table III 

Control Daily Total NiirogeTij Creatinine j and Uric Acid Excretion in DalmaiianDog 
{Daily Averages for Periods Given) 


Time, 1929-30 

Totzl nitrosen 

Creatinine 

Uric add 



r*j. 


Mar. 11-13 

4.99 

424 

449 

“ 20-22 

5.00 

417 

443 

“ 20-Apr. 1 

5.41 

424 

4S3 

Apr. 12-14 

5.81 

426 

461 

“ 17-19 

5.31 

434 

459 

“ 23-25 

6.65 

476 

43S 

“ 28-30 

6.05 

515 

45S 

Maj" 16-lS 

5.71 

506 

47S 

“ 30- June 1 

6.36 

51S 

462 

Sept. 10-11 

7.91 

550 

416 

“ 12-16 

1 8.91 

1 527 

i 540 

** 17-22 

8.85 

537 

i 582 

Oct. 11-12 

7.33 

i 511 

325 

“ 20-22 

7.09 

527 

368 

" 29-31 

7.57 

522 

326 

Nov. 8-10 

7.52 

503 

415 

“ 25-27 

7.81 ' 

502 

422 

Dec. 4-6 

8. OS 

492 

432 

“ 21-23 

S.Ol 

501 

427 

Jan. 1-5 

7.69 

527 

305 

" 11-13 

7-75 

503 ! 

297 

“ 10-21 

6.91 

520 

319 


on the colorimetricall}' determined uric acid and therefore would not have 
been a factor in the different uric acid levels found in the several control 
periods. Eridentlj" there are factors governing the endogenous formation 
and excretion of uric acid which are not full}’' understood despite the large 
amount of stud}" this subject has received in the past. Further studies on 
the Dalmatian dog might help to elucidate some of them, rince the endog- 
enous output of uric acid in this animal is considei*ably larger than in man. 
It is interesting to note that in comparison with a man weighing 70 kilos 
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the output of endogenous uric acid in this Dalmatian dog was about 6 
times as great, while the total nitrogen was greater by about 3 times and 
the creatinine by 1.5 times. It will be noted that the values for creatinine 
rose during the fimt 6 weeks, possibly because the dog had not reached full 
maturity, but during the following 9 months remained very constant. 

Adminisiraiion of Meihyhiric Acids — Seven different methyluric acids 
were administered to the Dalmatian dog by mouth, and the output of 
colorimetzically determined uric acid compared nith the control output 
observed for the 3 days preceding the administration of the methyluric acid. 
Generally the output of uric acid was estimated for 5 days following the 

Table IV 

Influence of Ingestion of Methyluric Acids on Excretion of Uric Acid ^Is Determined 
Color imetrically in Dalmatian Dog 


Uric acid excretion 


Methyluric acid 
studied 

Amount of 
methyluric acid 
ingested 

3 day averages 

After methyluric 
acid, 

5 day averages 

1 Extra uric acid 

Recovery in 
urine 


ms. 

ms. 

me. 

ms. 

per cent 

1,3- 

500 

462 

549 

+435 

125 

1,3- 

COO 

443 

535 (6) 

+552 

1- 

400 

j 449 

, 405 

+230 

75 

1- 

400 

47S 

535 

+285 

3- 

300 

45S 

492 

+ 170 

150 

3- 

450 

422 

448 (6) 

+ 150 

1,3,7- 

445 

438 

448 (4) 

+40 

ISO 

3,9- 

400 

459 

44C 

+35 

75 

3,7- 

400 

401 

458 

-15 

0 

1,7- 

400 

483 

473 

-50 

0 


Controls arc averages of 3 days, and the experimental period averages of 5 days, 
except as noted. The recovery is calculated on the basis of the colorimetric values 
for the methyluric acids in Tabic I. 

The numbers in parentheses give the number of days used to compute the averages 
when these are more or less than 5. 

administration of tlic methyluric acid. The difference between the average 
control output of uric acid and that for the experimental period was multi- 
plied by the length of the experimental period in days, and the total dif- 
ference taken to indicate the output of the pliosphotungstic acid-reducing 
material due to the ingestion of the methjduric acids in terms of uric acid. 
The recovery of the methyluric acids ingested is calculated on the basis of 
the color values for the different methyluric acids given in Table I. The 
data are presented in Table IV. It is apparent that 1 ,3-, 1-, and 3-methyl- 
uric acids are recovered quite completely in the urine after oral adminis- 
tration to the Dalmatian dog. The results are probably more accurate 
















V. C. MTERS AND R. F. HAXZAL 


317 


for 1 ,3- and 1-methyluric acids than for 3-meth3duric acid, since the phos- 
photungstic acid-rcducing values of the first two mcthjduric acids are much 
more nearly equal to uric acid than is the case with S-monoraethjduric acid. 
It is of interest that the apparent recoveiy^ of 1 ,3-dimethyluric acid was 
somewhat better than for 1-monomethyluric acid in both the rat and the 
dog. Tliere was no apparent recovery of S-monomethiduric acid in the rat, 
while recoveiy* in the dog was apparentl 3 ' quite good. These obseiv^ations 
can be reconciled on the basis of considerable demethjdation of 3-mono- 
meth>duric acid. It has long been recognized that the methyl group in 
position 3 is the least stable (11, 12). If demethjdation occurred in the rat, 
there would be conversion to uric acid and this would be destroj^ed. If 
there was partial convci'sion to uric acid in the Dalmatian dog, the recovery 
should be greater than the theoretical, since 3-monomethyluric acid yields 
onlj^ about a third as much color as uric acid. The recovery on the basis 
of the color reaction was about 150 per cent. Similarly the rat showed no 
increase after the administration of 3,9-dimethyluric acid, while there 
appeared to be some increase in the dog. The data on 1 ,3 ,7-trimethyluric 
acid suggest quite strongly" not onl}^ that this substance is excreted in the 
urine, but that there has been appreciable removal of the methyl group in 
position 7, despite the fact that this methjd group has been regarded as the 
most stable one (11) and least inclined to electrolytic dissociation (12). As 
uith the rat, the experiments with 3,7- and 1 ,7'dimeth3duric acids were 
negative. This is to be expected, since neither reacts with the uric acid 
color reagent. Furthermore, the negative findings indicate that in these 
two duneth 3 duric acids appreciable demeth 3 ’lation did not occur in 
position 7, 

Administration of Mctlnjlxanihincs — Data which summarize our obser- 
vation on the administration of the meth 3 ’lxanthines to the Dalmatian dog 
are given in Table V. Unforiunatch' it was during the period of these 
experimentxS that we encountered the greatest difliculU' in holding the level 
of the endogenous uric acid constant. The dates are given so that the 
experiments ma 3 ’’ be correlated with data given in Table III. However, it 
may be noted that in each experiment the uric acid returned to the approx- 
imate level of the control value after the meth3’’L\anthines given had been 
excreted. There Is unmistakable evidence of the increased excretion of 
phosphotungstic acid-reducing material after the admin u^t ration of theo- 
ph 3 dUno. If these values are recalculated to 1 ,3-dimcth3'luric acid on the 
basis of the color- 3 delding value of this meth 3 'Iuric acid, the i‘ecover 3 ’ almost 
exactly equals 100 per cent. Wc know from the experiments reported on 
the rat and the dog that 1 ,3-dimcth3iuric acid appears to be quite com- 
pletely excreted in the urine. From the experiments recorded in Table V 
it would appear that theoph 3 dline is almost quantitatively oxidized in 
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position 8 and thus converted to 1,3-dimethyUiric acid, and that this 
methyluric acid is then excreted in the urine. As discussed below, it has 
been possible to isolate crystals from the urine, after theophylline adminis- 
tration, which appear identical with 1,3-dimethyluric acid. 

The increase in the excretion of phosphotungstic acid-reducing material 
after the ingestion of caffeine is unmistakable. It is unfortunate that the 
control values for the endogenous uric acid were at a low level, but there 
was a marked rise in the uric acid output, up to 250 mg., after administra- 
tion of the caffeine given in divided doses on 2 successive days, "with sub- 
sequent return to the control level. If one calculates the extra phospho- 
tungstic acid-reducing material as 1,3,7-trimethyluric acid, which yields 


Table V 

Influence of Ingestion of Methylxanthines on Excretion of Uric Acid As Determined 
Colorimetrically in Dalmatian Dog 





Amount of 
methylxan- 
thine 
ingested 

Uric acid excretion 

Date of experiment, 
1929-30 

Methylicanthine 

studied 

Control 3 i 
day average 

Metbyl- 
x^ thine ad- 
ministration, 
6-10 day 
average 

Extra uric 
acid, 6-10 
days 

Jan. 

1 

19-30 

Theophylline 

2000 

mg, 

319 

nt. 

525 (9) 

mg, 

-fl854 

Nov. 

8-20 


1500 

415 

546 (10) 

+1310 

Oct. 

29-31 

IC 

750 

326 

429 (7) 

+721 

Dec. 

21-31 

t€ 

750 

427 

497 (8) 

+560 

Jan. 

11-21 1 

Caffeine 

1250 

297 

410 (8) 

+904 

Oct. 

Jl-20 

(( 

1000 

325 

431 (7) 

+742 

Jan. 

1-12 

Theobromine 

2600 

305 (5) 

347 (7) 

+294 

Oct. 

20-28 


1250 

368 

344 (6) 

-198 


The numbers in parentheses give the number of days used to compute the averages. 


only 5 per cent the color of uric acid, then the recovery is about 15 times 
that calculated. This would suggest strongly that there has been consid- 
erable demethylation in position 7 resulting in the formation of methyluric 
acids which yield much more color than 1 ,3 ,7-trimethyluric acid. 

Two experiments were carried out with theobromine. In one, 750 and 
500 mg. of the methylxanthine were administered 3 days apart with little 
change in the output of uric acid. In the second experiment 600, 1000, and 
1000 mg. of theobromine were administered on successive days. On the 
days with the two large doses there appeared to be a definite rise in the out- 
put of uric acid, but this returned to the control level on the succeeding day. 
However, if one compares these experiments Avith those in which theophyl- 
line and caffeine were administered, the change in uric acid output was 
slight. 
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Isolation of 1 ,3-Dimcthyliiric Acid after Administration of Theopliyllim — 
Isolation of cr>"stals which appeared identical with 1,3-diinethyluric acid 
after the administration of theophylline to the Dalmatian dog was secured 
by the following procedure. An amount of urine containing approximately 
200 mg. of phosphotungstic acid-reducing substances in terms of uric acid 
was employed. The urine was precipitated with ammoniacal silver mag- 
nesiiun mixture, the precipitate allowed to settle in a dark cabinet for 30 
minutes, then thro^vn down in a centrifuge. The precipitate was transferred 
to a beaker with water and decomposed with hydrogen sulfide, the excess 
hydrogen sulfide expelled, the material filtered while hot, and then taken to 
dryness on a water bath. The impure uric acid mixture was dissolved in 
boiling water and, w'hOe stUl warm, reprecipitated with ammoniacal silver 



Fig. 1 Fig. 2 


Fig. 1. Crj^stals obtained from urine following theophylline administration. 

Fig. 2, Crystals of l,3-dimeth3duric acid. 

magnesium mixture, the original process being carried to the final stage of 
concentration. “^Tien the volume had been reduced to about 400 cc., it 
was strongly acidified with HCl and the solution set aside in a cool place 
for the uric acid to ciystallize out. After standing for 24 hours, a mass of 
crystals had separated. These showed the quite typical microscopic ap- 
pearance of uric acid and were filtered off. The mother liquor was then 
concentrated to 100 cc. and again acidified with HCl. The cry'stals 
which formed w’ere more typical of 1 ,3-dimethyluric acid than of uric acid, 
but they were separated, removed, and the mother liquor concentrated to 
25 cc., and again allowed to crj'stallize. The crystals w’hich formed w'ere 
separated and then recrystallized. The amount of material obtained was 
quite small, but the crj'stals were typical of 1 ,3-dimethyIuric acid. The 
crystals obtained are shown in Fig. 1, in comparison with cry'stals of pure 
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synthetic 1 ,3-dimethyIiiric acid shown in Fig. 2. The drawings are accurate 
copies of photomicrograplis.^ 


DISCUSSION 

The older literature on the fate of the methylxanthines in the body has 
been discussed in a previous paper (1), and references will be made here 
only to work that has a direct bearing on our present studies. Until the 
advent of colorimetric methods of uric acid estimation it was not believed 
that the ingestion of the methylxanthines (caffeine, theobromine, and theo- 
phylline) influenced the excretion of uric acid in the urine. It was thought 
that the change whicli occurred in the methylxanthines in the body was 
simply partial demethylation. From 10,000 liters of normal human urine 
Kruger and Salomon (13) were able to isolate about 95 gm. of purines, of 
which 31 gm. were 1-methylxanthine, 22 gm. Avere 7-methylxanthine, and 
15 gm. Avere 1 ,7-dimethyL\anthine. Later Kruger and Schmid (11) con- 
cluded that there AA^as good eAddence in man that the meth3d gi*oups are 
dccreasingly stable in the order 7,1,3, and on this basis the methylxan- 
thines found in human urine can be easily accounted for by the remoA^al 
from the methjTxanthines ingested of the meth}^ group occupying posi- 
tion 3. 

After the introduction of colorimetric methods of uric acid estimation, 
an increase in the output of phosphotungstic acid-reducing material AA'as 
observed folIoAA'ing the administration of caffeine b^’’ Benedict (8), and 
after coffee and tea and decaffeinated coffee plus caffeine b}’’ Mendel and 
Warden (14). Subsequently IMycrs and Wardell (1) observed that, al- 
though they obtained an a 2 >parcnt inci'case in the excretion of uric acid 
as determined b}’’ colorimetric method after caffeine and tlieophylline, 
there Avas no such increase after the ingestion of theobromine. Clark and 
de Lorimier (15) also studied the influence of caffeine and theobromine on 
the excretion of uric acid Avith a colorimetric method and likcAA’ise observed 
that theobromine AA*as Avithout influence on the uric acid output. The 
possibility occurred to IMyers and Wardell that this discrepancy might be 
explained by the oxidation of the methylxanthines in position 8 to method- 
uric acids and that these might vaiy in their response to the colorimetric 
procedure of estimating uric acid. Colorimetric tests carried out on methyl- 
uric acids kindly furnished by Professor Biltz AA'erc found to support this 
hypothesis. In their recent report Buchanan, Christman, and Block (7) 
have shoAvn conclusively that, Avhereas there is a marked increase in the 
excretion of phosphotungstic acid-reducing material after both theophylline 
and caffeine, there is no increase in the excretion of true uric acid, as de- 

^ Figs. 1 and 2 are drawings of photomicrographs made by Theodora Bergsland of 
the Institute of Pathology, Western Reserve University. 
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termineci ■s\ith the sad of uncase. Theobromine was without influence on 
the excretion of phosphotungstic acid-reducing material. Their studies 
would appear to have finallj^ disproved the view that there is anj- molecu- 
larly complete demethylation of the methybcanthines resulting in their 
conversion to uric acid. 

We believe that our studies ^rith the methyluric acids and methvLxan-^ 
thines have brought measurably nearer the final answer to the fate of the 
methybcanthines. Certainly the conclusion that the methybcanthines 
are at least partially oxidized in position 8 to form methyluric acids now 
seems inescapable. Our obsen’ations appear to support the conclusion of 
Kruger and Schmid (11) and Biltz and Heimann (12) that the methyl 
group in position 3 is the least stable in the methjTxanthines (also in the 
meth 3 duric acids). Tlie metlnd group in position 7 has been regarded as 
the most stable, but our observ’ations on caffeine and 1 ,3,7-trimethyluric 
acid stvongh" suggest that there must he some demethjdation in this posi- 
tion; otherwise it would be impossible to account for the incrcase in excre- 
tion of phosphotungstic acid-reducing substances obper\’ed after theii* 
administration. 

Obscr\’ations which support the above statements will be .‘summarized 
briefl\^ Wlien 3-mcthyluric acid is given to the rat, which has a uricolytic 
index of 9G, no extra uric acid is exemted, but in the Dalmatian dog the 
extra uric acid considerabl 3 ’ more than accounts for the 3-meth3duric acid 
given. If the meth 3 'l gi’oup in position 3 is removed, uric acid uill be 
formed. In the rat it would be dostro 3 'ed but in the Dalmatian dog it 
would increase the amount of phosphotungstic acid-reducing material, .since 
uric acid 3 delds about 3 times as much color as 3 -meth 3 ’luric acid. 

It would not appear that significant demeth 3 dation occurred in position 
1 when l-mcth 3 duric acid was administered. This metlo’Iuric acid 3 ields 
85 per cent of the color given 1)3’ uric acid. When administered intraper- 
itonealty to the i*at, there was 100 per cent recover 3 ’. If an 3 ’ uric acid had 
been formed it would have been dcstro 3 ’ed. The apparent rccover 3 ’ in the 
urine of the Dalmatian dog was about 75 per cent. 

WTien 1 ,3-dimeth3duric acid was administered intraperitoneall 3 ' to the 
rat and oralb’ to the Dalmatian dog, there were 150 and 125 per cent re- 
cover 3 ', respective^. Since l-mcth 3 'luric acid 3 delds about 13 per cent 
more color than 1 , 3 -dimeth 3 duric acid, the increase in phosphotungstic 
acid-reducing material can be accounted for b 3 ’ some demeth 3 'lation in 
position 3. In the four experiments vdth theoph 3 ’liine the average recoven’ 
of extra uric acid accounts for about 100 per cent conversion to 1 ,3-di- 
meth 3 duric acid, as determined colorimetricalb’. Certainh’ one must con- 
clude that fairly complete oxidation has occurred in position 8. WTiile it 
seems likely on the basis of the e.xperimcnts with 1 , 3-dimeth3'luric acid 
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that some demethylation occurred in position 3, this conclusion cannot be 
draAvn from the data available. 

According to Biltz and Hermann (12) the inclination of the methyl groups 
towards electrolytic dissociation is in the order of positions 3,9,1, and 7. 
When 3 ,9-dimethyluric acid was administered to the rat, no extra reducing 
material was detected, but with the Dalmatian dog there was fairly good 
recovery. While our experiments are insufficient to draw a final conclusion, 
they do suggest demethylation in both positions 3 and 9. 

Whenl ,3 , 7-trimethyluric acid was administered intraperitoneally to the 
rat, the recovery in the urine was calculated as 300 per cent. Oral admin- 
istration to the Dalmatian dog gave a recovery of 180 per cent. The error 
in the calculation is obviously large, since 1,3, 7-trimethyluric acid yields 
only 5 per cent of the color given by uric acid; nevertheless the findings 
strongly suggest that there has been some demethylation in position 7, thus 
yielding a methyluric acid Avith a higher chromogenic value. Demethyla- 
tion in position 1 or 3 would have decreased, not increased, the chromogenic 
value with phosphotungstic acid. In the two experiments in which caffeine 
was administered to the Dalmatian dog, the recovery of extra uric acid is 
about 15 times that calculated for 1,3, 7-trimethyluric acid. This would 
suggest that the caffeine was not only quite completely oxidized in position 
8, but that a considerable part of the methyl group in position 7 must have 
been removed. It is of interest to note that, in relation to the phospho- 
tungstic acid-reducing power of 1,3, 7-trimethyluric acid, uric acid yields 
20 times as much color, 1-methyluric acid 17 times as much color, and 
1 ,3-dimethyluric acid 15 times as much color. This last relationship is the 
one which was actually observed in the experiments Avith caffeine. 

SUMMARY 

The metabolism of 1-, 3-, 1,3-, 1,7-, 3,7-, 3,9-, and 1,3,7-methyluric 
acids has been studied in the albino rat, an animal Avith a high uricol3d/ic 
index, and in the Dalmatian dog, an animal which resembles man in its 
excretion of uric acid. The metabolism of theophylline, theobromine, and 
caffeine Avas also studied in this dog. 

The most significant findings regarding the methyluric acids are that 3- 
methyluric acid appears to be quite completely demethylated and converted 
to uric acid, that 1,3-dimethyluric acid is eliminated in considerable part 
unchanged, although there may be some demethylation in position 3, and 
that 1,3, 7-trimethyluric acid is partially demethylated in jjosition 7. 

The methylxanthines, theophylline and caffeine, appear to be quite com- 
pletely converted to methyluric acids by oxidation in position 8. This 
question cannot be ansAvered regarding theobromine Avith our present 
methods, since 3,7-dimethyluric acid is not reduced Avith phosphotungstic 
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acid. It ould appear that the larger part of theophyllnie av as eliminated 
as 1 jS-dimethjduric acid, although some may he excreted as 1-methyluric 
acid. In the case of caffeine the increased excretion of phosphotungstic 
acid-reducing material can be explained most simply by oxidation in 
position 8 and fairly complete demethylation in position 7. 
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MICROMETHOD FOR THE DETERMINATION OF UREA 

Bt V. EVERETT KINSEY and PHYLLIS ROBISON 

{From the Hovce Laboratory of OphlhalmoJogyt Harrard 3 /c(IicgZ School, Boston) 

(Received for pubiication, November 2S, 1&45) 

The need for a micromethod to determine urea in micro samples of 
plasma, aqueous humor, and other body fluids has been met by the simple 
procedure to be described. The test can be used to determine the urea 
content of plasma or aqueous humor in quantities as small as 4 c unm. with 
an accuracy of per cent. It will be apparent that other nitrogen-con- 
taining compounds similarly may be determined b3' this method; the mini- 
mal size of samples should contain about 1 7 of nitrogen. The method Is 
essentially a combination of that of Conway (1) and Prater, O^wles, and 
Straka (2), appropriately modified for micro quantities. It consists fii*st 
in conversion of urea to ammonia, secondlj^, in distillation into a drop of 
gRcerol containing boric acid, and third, in titration of the distillate 
\vith dilute acid. The procedure is well adapted to making multiple 
determinations. 

Apparatus — ^Two means were investigated to accomplish the distil- 
lation. To keep the time to a minimum, the distance separating the 
surface of the sample to be analyzed from the drop into which the am- 
monia is to be distilled must be small. The simplest method of accom- 
plishing this consisted in surroimding small glass vials (9 mm. inside diame- 
ter and 6 mm. deep) with wells approximately 1 mm. in depth reamed out 
of a ^ inch Leucite plate, the diameters being of a size which easily accom- 
modated the sides of a second glass \dal (16 mm. outside diameter and 1 cm. 
deep) inverted over the first \ial. The inner and outer walls were 14 and 
18 mm., respect! velj'. A top and side \’iew of the apparatus is shown in 
Fig. 1, A. 

In the second method a well of the same diameter, but deeper (8 mm.), 
was reamed out of the Leucite plate, and a hole having a diameter of 8 mm. 
and a depth of 4 mm. was drilled in the center, as shown in Fig. 1,5. With 
either method the distance between the surface of the liquid and the drop 
was less than 0.5 cm. None of the dimensions appeared to be critical. The 
only advantage of the second method is the elimination of one set of \ial5 
and the consequent ease of cleaning and lack of breakage. 

Any micro pipette or micro burette can be used to measure the sample. 
We used a micro pipette containing 0.05 ml. graduated in O.OOOo ml. The 
micro pipette^ has a groimd male joint on one end to receive a 27 gage 

‘Available from the Macalaster Bicknell Company, Cambridge, Massachusctt?. 
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|\ypQ(lgniiic iipccllc Riitl <1 gi'ouncl foiufvlo joint on the otlici' end to hold tv 
tuberculin syringe. The use of this typo of micro pipette made it pos.siblc 
to obtain sample.s of body fluids such as aqueous humor, and, without 
transferring the material, to measure the samples accuratel 3 \ A micro 
pipette like the one described above, but designed to hold 0.15 ml., was 
used for the titration. 

Stirring was most easily accomplished by introducing “fleas” consisting 
of a small piece of iron wire coated with glass in each vial, and placing the 
vial in a rotating magnetic field,^ although satisfactorj'^ results were obtained 
when stirring was done manually. 

TOP VIEW 


K/V/v/\/V\/V/Wl 



B A 

SIDE VIEW 


I — fjlil'fiZiit'fZij — imiLjl. . ..| 

Pig. 1. Apparatus used for determination of urea. A, wells 1 mm. deep; Bj wells 
4 mm. deep, 8 mm. in diameter. 


Procedure 

Reagents — 

Glycerol-boric acid. To 100 ml. of 25 per cent glycerol, saturated with, 
boric acid, are added 25 ml. of pure glycerol. (This prevents the boric 
acid from precipitating during the distillation process.) 

Urease extract (1 gm. of Squibb’s powdered double strength urease) in 
100 ml. of boiled saturated sodium chloride. 

Saturated sodium m6taborate in saturated potassium chloride (boiled). 

0.002 N hydrochloric acid. 

Gramercy universal indicator (Fisher Scientific Company) diluted with 
15 parts of distilled H 2 O. 

Mineral oil. 

The sample to be anal3’'zed is measured either into the small vial or a 
central cup (Fig. 1), and 1 drop of urease solution is added and allowed to 
react for 20 minutes at room temperature. Several drops of mineral oil 
are put in the well, and a small drop of the glycerol-boric acid solution is 


* Magnetic stirrer, Arthur H. Thomas Company, Philadelphia, Pennsylvania. 
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placed in the center of the larger vial. The ske of the drops should be 
approximately the same. We used 0.005 ml. and measured it vrith a micro 
pipette. After the incubation period 1 drop of the metaborate solution is 
added and the \'ial containing the gl3^cerol drop is immediately inverted 
over the central cup; the glj^cerol will remain as a hanging drop. 60 min- 
utes at 30® are allowed for distillation. The \ial containing the distillate 
is then blotted to remove adhering oil, 0.5 ml. of the diluted indicator is 
added, and the solution is titrated with 0.002 n HCl to the color of a control 
containing no urea. The latter should be 3^ellow% A lapse of approxi- 
mately' 1 minute should be allow'ed betw^een the addition of the final content 
of acid and the attempt to match the end-point. If the control has a green- 
ish appearance, it indicates that some ammonia has been introduced, prob- 
ably from the NaCl used to make up the urease or from the KCl-metabo- 
rate solution. It is recommended that several standards containing known 
amounts of urea be run with each set of unknowTis. 

A colorimetric procedure described bj^ Russell (3) may be substituted 
in place of the titration, if desired. In this instance the gly'cerol drop is 
washed out of the vial with three 0.5 ml. portions of water into colorimeter 
tubes. To each tube is added 0.05 ml. of 0.003 m AlniSO* or AInCl. With 
the tubes w’ell chilled, 1.0 ml. of alkaline phenol reagent (25 per cent phenol 
in 2.7 N NaOH) and 0.5 ml. of hj^Dochlorite solution are added. The tubes 
are then placed in a boiling water bath for 5 minutes, cooled, diluted to 
convenient volume, and read in a colorimeter. 

Results 

The time required for completion of the distillation process was deter- 
mined first. Urea solutions containing 3.6 y of ammonia nitrogen w’ere 
incubated with urease and permitted to distil for various lengths of time 
before titration. The results of analyses performed in triplicate are aver- 
aged and appear in Fig. 2. It wiU be seen that maximal values were ob- 
tained after 45 minutes distillation. On the basis of these experiments a 
distillation time of 60 minutes w'as used, and found to give satisfactoiy 
results. 

The method w'as then tested bj^ making analyses of known amounts of 
urea. A typical series of results is given in Table I which shows the quan- 
tity of urea recovered and per cent of theoretical. 

The results obtained through the use of the colorimetric method w'hich 
can be substituted for the titration procedure are illustrated in ilg. 3. The 
.sensitivity^ of this method approximates that of the titration procedure. 

The efficiency^ with which kno^vn amounts of urea could be recovered 
from plasma w’as then determined. Urea in amounts varymg from an 
equivalent of 2 to 4 7 of ammonia nitrogen w'as addofl to 0,01 or 0.02 ml. of 
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Eic. 2. Distillation of ammonia into glyccrol-boric acid solution at varying time 
intervals. 


Taulh I 


Uica Detennmations 


Ammonia nitrogen 

Theoretical 

Added 

Found 

T 

■y 

per cent 

1,00 

1.00 

100 

1.00 

0.98 

98 

1.00 

1.00 

100 

1.00 

0.91 

91 

1.00 

0.96 

96 

1.00 

1.01 

101 

2.00 

2.10 

105 

2.00 

2,02 

101 

2.00 

2.05 

102 

2.00 

2.04 

102 

2.00 

2.02 

101 

2.00 

‘2.02 

101 

3.00 

3.13 

104 

3.00 

3.04 

101 

3.00 

3.02 

100 

3.00 

2.99 

100 

3.00 

2.96 

99 

3.00 

1 

2.99 

100 


rabbit plasma of known urea content . The mixture was then analyzed for 
urea in the usual manner and the findings are presented in Table II. It 
may be seen that an average of 97.8 per cent (range 94 to 101 percent) of the 
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quantity of urea added to plasma was recovered. A similar proportion of 
urea added to aqueous humor was also recovered. 



MICROGRAMS AMMONIA 
NITROGEN 


Fig. 3. Analyses of standard urea solutions 


Table: II 


Recovery of Urea from Rabbit Plasma 


Urea 

Total urea 

Difference 

Urea reco\ ered 

Present 

Added 

Theoretical 

Found 

y 

y 

y 

7 


per cent 

^ 2.91 

4.23 

7 14 

G.IK) 

-0.24 

96.8 

3.00 

8.35 

11.4 

10.9 

-0.50 

96.0 

3.18 

4.23 

7.41 

7.30 

-0.11 

98.5 

3.18 

8.47 

11.7 

11.1 

-0.60 

95.0 

4.50 

7.80 

12 3 

12.1 

-0.20 

99.0 

4.50 

7.80 

12.3 

11.6 

-0.70 

94.0 

5.85 

2.54 

8.39 

8.25 

-0.14 

9S.4 

5.85 

4.23 

10.1 

9-75 

-0.35 

96.5 

5.85 

5.94 

11.8 1 

11. G 

-0.20 

98.0 

5.85 

8.47 

14.3 ! 

13.5 

-0.80 

94.4 


8.35 

14.4 

14.5 

+0.10 

101.0 

Average ... 

97.8 


Since the chief purpose of developing this micromethod was to make 
replicate quantitative determinations of urea in body fluids, particularly 
aqueous humor, a series of analyses was made of the urea content of serum 
and aqueous humor from young adult albino rabbits, and the ratio of the 
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quantity of urea present in the aqueous humor to that in the plasma was 
calculated on the basis of their respective water contents. In all instances, 
duplicate analyses were made on 0.013, 0.026, and 0.039 ml. of plasma or 
aqueous humor (obtained from one eye in each instance), and the quantities 
of urea present were estimated from the best line connecting these points. 
The findings are shown in Table III, whence it may be seen that, with one 
exception, the quantity of urea present in the plasma varied between 236 
and 347 7 per ml. of water. The ratio of urea in the aqueous humor to 
that in the plasma varied between 0.73 and 0.97, the average being 0.88. 


Tahuc hi 


Urea Conccniraiion Present in Plasma and Aqueous Humor of RahbilSj and Ratio of 

Their Concentrations 


Rabbit plasma 

Aqueous humor 

Ratio, aqueous to plasma 

y per ml, water 

y per ml, water 


255 

216 

0.85 

276 

248 

0.90 

289 

215 

0.74 

255 

187 

0.73 

278 

213 

0.77 

324 

303 

0.935 

665 

590 

0.89 

308 

287 

0.93 

26S 

238 

O.SO 

347 

337 

0.97 

247 

230 

0.93 

300 

270 

0.90 

236 

217 

0.92 

238 

225 

0.945 

Average 306 

270 

0.8S 


The latter value is considerably higher than the ratio of 0.65 found previ- 
ously by Kinse}’' and Grant (4) vnth. an aeration method which required 
samples of aqueous humor pooled from two eyes, for a single determination. 
The significance of this finding will be discussed elsewhere. 

SUMMARY 

A direct micromethod of estimating urea in plasma or other body fluids 
in quantities as small as 4 c.mm. containing 1 7 of urea with an accuracy of 
±6 per cent is described. The method consists in direct conversion of 
urea into ammonia, distillation into a hanging drop of glycerol containing 
boric acid, and titration with dilute acid, or, alternatively, with a color- 
imetric procedure in place of the acid titration. 
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Average recoveries of urea from 0.01 to 0.02 ml. of plasma or aqueous 
humor were 97.8 per cent with a variation of 94 to 101 per cent. 

The quantity of urea in rabbit plasma and aqueous humor averaged 306 
and 270 7 per ml. of water, respectively, with an average ratio of 0.88. 

llie authors wish to acknowledge the technical assistance of Miss S3’hia 
Land^'. 
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THE SYNTHESIS AIs'D PROPERTIES OF THE ACYL 
PHOSPHATES OF SOME HIGHER FATTY ACIDS 

Bv ALBERT L. LEHXIXGER* 

(F rom the Department of Phijsiological Chemistry^ Medical School, 

University of M’isconsin, Madison) 

(Kcccived for publication, Dcccmijer 10, 1945) 

In preceding communications from this laborator}- (1, 2) on the activation 
of fatty acid oxidation by adenosine triphosphate, a working hypothesis on 
the nature of tliis activation was elaborated. This h3'pothesis suggested 
the possible intermediate formation of carboxjd phosphates of the fatty 
acids to account for the necessity of adenosine triphosphate in fattj' acid 
oxidation. The subject of this paper is the s^mthetic preparation of the 
higher fatt j' acid phosphates, which will allow an experimental trial of these 
compounds as intermediates both in iviXiy acid oxidation, as mentioned 
above, and also in connection with Lipmann’s suggestion (3) that they 
maj' be intermediates in the sjmthesis of the gljxeride bond according to 
the equation 

I i 

RC— OPO.H. + no— C— > RC— 0— C~ + H,PO, 

!1 1 11 1 

o o 

Fatty acid phosphates are the mixed anh 3 'drides of phosphoric acid and a 
fatty acid. As such they show instabilitx" in aqueous media: the 1,3> 
diphosphogtyceric acid isolated b 3 ’ Negelein and Bromel (4) as a product of 
glyceraldeh 3 ’'de phosphate oxidation has a half life in neutral aqueous sol- 
ution at 37® of some 27 minutes; the acetyl phosphate s3Tithesized hy L 3 'nen 
(5), approximateh' 187 minutes under the same conditions. Furthermore, 
the phosphate of these compounds is ver 3 " labile in the presence of the 
motybdate-containing reagents, so that it appears as inorganic phosphate 
during the usual phosphorus partition procedures. These properties 
illustrate the difl5culties involved in the preparation, purification, and 
detection of such compounds. 

Lynen (5) first described the s 3 'nthesis of monoacetxd phosphate. This 
was prepared b 3 " the reaction of silver dibenzyl phosphate with acet 3 ''l 
chloride, followed b 3 " removal of the benz 3 d groups as toluene b 3 * catal 3 dic 
h 3 "drogenol 3 ’sis. Lipmann and Tuttle (6) recentl 3 " published a much more 
convenient s 3 mthesis of acet 3 d phosphate, based on the reaction between 

•Present address, Department of Surf^ery, rniversit 3 » of Chicago, Chicago 37, 
Illinois. 
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acetyl chloride and monosilver phosphate (prepared by reaction of 2 moles 
of Ii 3 P 04 and 1 of Ag 3 P 04 ). The use of silver dibenzyl phosphate and 
monosilver phosphate is necessary to prevent the formation of di- and 
triacetyl phosphates, which are formed when trisilver phosphate is used 
and which, according to Lynen (5), are impossible to convert to the mono- 
acetyl compound by partial liydrolysis. 

The syntheses of pure monooctanoyl and monopalmityl phosphate de- 
scribed in this report were completed independently before Lipmann and 
Tuttle^s detailed report on acetyl phosphate appeared. They were based, 
however, on an earlier statement by Lipmann (7) that a mixture of phos- 
phoric acid and trisilver phosphate reacted with acetyl chloride to form 
monoacetyl phosphate, indicating that monosilver phosphate, which has 
never been described, was formed by the action of H3PO4 on trisilver 
phosphate. 

In general, the properties of the higher acyl phosphates resemble those 
reported by Lipmann and Tuttle for acetyl phosphate but differ in degree. 
The higher acyl phosphates also possess striking colloidal properties not 
shared by the lower homologues. The enzymatic reactions of the higher 
fatty acid phosphates will be described in detail in a forthcoming report. 

EXPERIMENTAL 

Moiiopalmitylphosphoric Add — In an ice-cold morter 7.52 gm. of oven- 
dry Ag 3 P 04 were ground mth 4.10 gm. (2.34 ml.) of 92 per cent H3PO4 
(prepared by passing dry air through 85 per cent H3PO4 for 30 minutes at 
150° or until a specific gravity of 1.77 was attained). The mixture was 
more finely dispersed after the addition of cold absolute ether and grinding 
to make a suspension (total volume of 40 ml.) of the graj^ or grayish yellow 
“monosilver phosphate.” To it were added 11.1 gm. of palmityl cliloride 
dissolved in 50 ml. of cold absolute ether. The solution was added drop- 
vnse TOth continual stirring and grinding with the pestle. After the ad- 
dition was complete, the mixture Avas stirred an additional 5 to 10 minutes. 
The reaction mixture was centrifuged free of solid material and the super- 
natant (which contains the free monopalmit 3 dphosphoric acid) was de- 
canted into a 500 ml. suction flask. The residue was extracted with several 
portions of ether and the washings added to the original supernatant. The 
ether was removed in vacuo^ leaving a white, sometimes crystalline solid. 
300 to 400 ml. of hot benzene (50~‘60°) Avere added to the residue Avith 
swirling to yield a heavily turbid solution, AA^hich AA^as then filtered, yielding 
a slightly turbid filtrate. This AA^as placed in the cold room and alloAA’ed to 
cool to 6-8°. With sIoav cooling the monopalmitylphosphoric acid sepa- 
rated in crystalline form. The compound AA^as collected on a sintered glass 
plate, AAMshod Avith a little cold bonzono, and di’ied in vacuo. The material 
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consists mainly of monopalmit 3 *lpliosphoric acid with some free palmitic 
acid. Total phosphorus analysis of the dry material showed approximately 
8-5 per cent P. To obtain the anal 3 i:icalJy pure compound it was recrys- 
taliized in such a manner as to free it from palmitic- acid. This could be 
done by repeating the recrj'stallization from warm benzene several times. 
However, the differential solubility of the two compounds is much greater 
in ether-benzene mixtures, allon’ing reciystallization of the monopalmityl- 
phosphoric acid to analytically pure material in much less time, al- 
though at a conriderable loss in yield. The crude material was dissolved in 
absolute ether (150 mg. per ml.). 5 volumes of benzene were added with 
mixing and the slightly^ turbid solution placed in an ice bath. The sides of 
the vessel were scratched nith a glass rod to initiate ciy^stallization. The 
monopalmityiphosphoric acid separated as glistening colorless platelets. It 
was filtered off on a sintered glass plate (sucking moist air through the 
substance should be avoided), washed with cold benzene, and dried tn vacuo 
at room temperature. The yields were between 2 and 3.5 gm., or about 
20 per cent of that calculated. The compound decomposed at 61-63^ 

Analysis — CitHaaOiP. Calculated, P 9.22, C 57.13; found, P 9.21, C 57.20 

The pure compound is unstable and absorbs atmospheric water, losing its 
crystalline structure v\ith formation of palmitic add and phosphoric add. 
When kept in a vacuum desiccator over CaClj, it can be presented for a week 
or so before decomposition is noticeable. 

Monopalmityiphosphoric add is soluble in water (see later), ether, 
ethanol, acetone, and ethyl acetate. It is only sparingly^ soluble in the less 
polar solvents (benzene, xylene, toluene, carbon tetrachloride). 

If the compound was to be presented for any length of time, it was usually 
converted to the disilver salt. 

Disilver Palmiiyl Phosphate — 2 gm. of recrystailized palmityi phosphate 
were dissolved in 50 ml. of 75 per cent ethanol and neutralized to pH 7 ^vith 
NaOH. An excess of 25 per cent AgNOa solution was added, yielding a 
fiocculent white precipitate. This was filtered off, washed with alcohol 
and ether, and dried in vacuo protected from light. A nearly quantitative 
yield of the greasy white disilver salt was obtained. 

Ci,H«OiPAgr. Calculated, Ag 39.22, P 5.94; found, Ag 39.31, P 5.77 

Cahiiim Monopalmityl Phosphate — ^When treated with excess calcium 
acetate, an aqueous solution of disodium palmityi phosphate formed a 
fiocculent precipitate of the calcium salt. The calcium and magnesium 
salts of palmityi phosphate are considerably more .soluble than the cor- 
responding salts of free palmitic acid. 

Ana/.vm-CuHjiOiPCa. Calculated, PS.2S; found, PS.4S 
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Barium Monopahiiiyl Phosphate — Barium ions form an exceedingly 
insoluble salt with aqueous solutions of the free acid. 

Analysis— CiiUnOiVlin, Calciilalod, V O.oS; found, P 0.5S 

Disirychnine Pahniiyl Phosphate — When a dilute neutral solution of 
palmityl phosphate was treated with an equal volume of saturated strych- 
nine sulfate solution and the mixture left at 0° overnight, an insoluble 
distrychnine salt was formed. This I’eagcnt may possibly be of analytical 
value, since it is capable of separating the acyl phosphate from inorganic 
phosphate. Other precipitants tested did not share this property. 

Analysis — CsJB&OgN-tP. Calculated, P 3.00; found, P 3.33 

Monooctanoyl Phosphate — A mixture of 7.52 gm. of AgnP 04 and 4.10 gm. 
of 92 per cent H 3 BO 4 was pi'cparcd as in the palmityl phosphate method. 
The mixture was suspended in 40 ml. of absolute ether. To the suspension 
were added 8.0 ml. of octanoyl chloride di.ssolved in 30 ml. of absolute ether. 
The solution was added dropwise, witli constant stirring with the pestle. 
After addition of the octanoyl chloride was complete, the mixture was 
stirred for 5 more minutes and the AgCl removed by centrifugation. The 
precipitate was washed with a 50 ml. portion of ether and the supernatants 
then combined, filtered to remove any unsedimented AgCl, and evaporated 
to a thick cream^^ fluid under diminished pressure. This material contains 
free octano 3 dphosphoric acid, unchanged octanojd chloride, free octanoic 
acid, and some inorganic phosphate, as well as silver (in the form of an 
ether-soluble silver salt). It was taken up in 100 ml. of ice-cold water, 
shaking being avoided, to yield a creamy, strongly acid solution of high 
foaming power. To this solution was added a great excess of 25 per cent 
AgNOs with thorough stirring, 3 delding a white precipitate containing the 
disilver salt of octanoyl phosphate, as well as some silver chloride and co- 
precipitated silver octanoate. It is free of inorganic phosphate (since even 
traces of Ag 3 P 04 will give a cream or yellow color). The precipitate was 
centrifuged off, the sediment packed to a small volume, and the supernatant 
drained off completely. The precipitate was then suspended in ice-cold 
water (100 ml.) and cold 1 n HNO 3 was added dropwise with shaking, dis- 
solving most of the material and leaving a heavily turbid solution. This 
was immediately filtered by gi'avity through a previously wetted Whatman 
No. 40 paper, yielding a filtrate of only slight turbidity. The filtration 
removes AgCl and also much free octanoic acid, which is adsorbed on the 
paper. To the filtrate was then added 25 per cent AgNOa dropwise ’with 
thorough stirring, yielding a white, usually crystalline (platelets) precipitate. 
By precipitation in acid solution the octanoyl phosphate is separated from 
free octanoic acid and inorganic phosphate, which do not precipitate under 
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these conditions. After completeness of precipitation was assured, the 
silver salt was centiifuged of?, wa^'hed with 1 volume of water, 95 per cent 
ethanol, and ether successive!}' in the centiifugc, and then dried in vacuo 
over H-SO^, yielding a greas}' Avliite material of analytical purity. The 
}'ield was between 5 and C gni, or about 25 per cent over-all }ield. All 
operations involving the silver salt must he carried out in a darkened room to 
avoid the photochemical reduction of Agjo which the salt is extremely susceptible. 

Analr/sis— CsHiiOsPAgt. Calculated, Ag 49.27, P 7.0S; found, Ag 49.40, P 5.91 

Several methods for rcmoval of the fixie octanoic acid, inorganic phos- 
phate, etc., were examined critically but the method of precipitation by 
an excess of Ag in acid solution appeared simplest and most effective. For 
use in en 2 }Tnc experiments the presence of these impurities in small amounts 
is immaterial, since the acyl phosphates are more or less quickly dephos- 
phorylated by e%'er}' mammalian tissue preparation studied. 

The compound is perfectly stable if kept in a vacuum desiccator shielded 
from light. It can be converted into the sochum salt by shakiag with a 
10 per cent excess of the calculated amoimt of NaCL The AgCl is removed 
by high speed centrifugation to ^ve a water-clear neutral solution. The 
concentration can readily be established by means of an inorganic phosphate 
determination or the colorimetric acyl phosphate determination of Lipmann 
and Tuttle (8). 

Barium, calcium, and stiyclminc salts wei*e also prepared. The an- 
alytical data are pven in Table L 

The phosphates of several other higher fatty acids were prepared by the 
procedures outlined. Ciy'stallization of the free acids could be effected 
from ether-benzene mixtures if the acid contained 10 or more carbons. The 
losses were great with the 10- and 12-carbon acids but became progressively 
less with an increase in chain length. 

Solubility and Colloidal Behavior — The 8- and IG-carbon compounds 
dissolve in water to give acid solutions of high foaming power. This is in 
direct contrast to the insolubility in water of free octanoic and palmitic 
acids, especially the latter. The solutions are strong emulsif}ing agents. 
The change from the insolubility of free palmitic acid to the pronounced 
hydrophilic properties of palmityl phosphate was also demonstrated by the 
colloidal properties of the latter. \Mien ciystals of palmit}d phosphate 
were moistened with water and tritumted, the substance swelled and as- 
sumed a gel-like form. On dilution with w’ater, a solution ha\ing a strong 
Tjmdall effect was obtained. Palmityl phosphate could be salted-out by 
0.5 saturation with (NH 4 ) 2 S 04 . 

Crude measurements made with a stalagmometer and the du Xouy 
tensiometer on solutions of the acyl phosphates and corresponding fatty 
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acids at the same concentration and pll showed tliat although the acyl 
phosphates lowered surface tension, as was expected, they were not as 
active in this respect as were the fatty acids. 

The introduction of the highly polar phosphate group into the fatty acid 
molecule evidently conferred striking hydrophilic properties on these 
compounds. The change in properties of the fatty acid on phosphoiylation 
brings to mind similar properties exhibited by lecithin, for example, in 
contrast to those of a triglyceride. 

Apyareni Dissociation Constants — Although colloidal solutions of the sort 
described above obviously deviate widel}^ from the ideal, the apparent dis- 
sociation constants at 25° were calculated from titration curves constructed 
from pH data obtained potentiometrically with the glass electrode and 
Cameron pH meter. Solutions of octanoyl and palmityl phosphate in 
concentrations from 0.001 to 0.01 m Avere either made up by weight or ob- 
tained by metathesis in COo-free water. Concentrations Avere checked by 


Table I 

Analytical Data on Salts of Octanoyl Phosphate 


Salt 

Formula 

P calculated 

P found 

Ca 

CsHuOfiPCa 

per cent 

11.83 

per cent 

11.98 

Ba 

* CgHisOiPBa 

8.63 

8.72 

Strychnine . 

p 

b 

3.48 

3.80 


suitable analytical methods. Titrations from both the acid and basic 
side Avere perfoimed. The dissociation constants given AA^ere calculated by 
methods outlined by Van Slyke (9) or obtained graphically. They rep- 
resent average figures. The titration curves showed tAA^o points of inflection 
corresponding to primary and secondary stages of dissociation. pKi 
and pKa values for the tAVo compounds are shoAvn in Table II, together Avith 
values for orthophosphoric acid, phosphocreatine, and glucose-l-phosphate 
for comparison. 

It is AA’ell knoAvn that esterification of phosphoric acid Avith certain organic 
compounds causes a strengthening of its acidic properties (10, 11). In the 
case of the higher fatty acid phosphates here studied, this did not appear to 
be true of the first stage of dissociation but it did hold true for the physio- 
logically important second stage. Some reservations must be made on the 
accuracy of the measurements because of the difficulty of reproducing the 
colloidal conditions (at least in the case of the palmityl phosphate) and the 
slight spontaneous hydrolysis of the acyl phosphates during the titrations. 

Stability of Aqueous Solutions — Lipmann and Tuttle have studied the 
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stability of acetyl phosphate in aqueous solution as a function of pH (6). 
The stability of octanoyi and palmityi phosphate followed the same pattern 
with regard to pH but was somewhat greater than that of acetyl phosphate. 
The course of the hydrolytic reaction was followed manometrically by 
measuring the displacement of CO 2 from a bicarbonate buffer at neutral 
reactions. This was made possible because the hydrol 3 "sis of the acjd 
phosphates liberates a new acid group according to the equation 

(2) RCOOPOaH; 4- H-0 RCOOH + H 3 PO 4 

At pH 7.4 and 37° both octanoyi phosphate and palmitjd phosphate pos- 
sessed a half life of some 12 hours (acetjd phosphate, 3 hours) (see Table 
III). Calculations employing the pK; values determined in the previous 
section and the pKj values of orthophosphoric acid in the Henderson- 
Hasselbalch equation showed that in the case of octanoyi phosphate com- 


Table II 

Apparent Dissoaatwn Coneianis 


Compound 

pJu 

pKj 

Alonooctanoylphosphoric acid 

3.00 

5.4 

Monopalmitylphospboric 

3.37 

6.2 

Glucose T'pbosphorxc acid* 

1.10 

6.13 

Phosphocreatinef 


4-5S 

Orthophosphoric acidt 

1.95 

6.83 


* Taken from Cori, Colowick, and Cori (10). 
t Taken from Fiskc and Subbarow (U). 

X Taken from Van Slyke (9). 


plete hj^drolysis at pH 7.4 should liberate approximately 0.76 equivalent 
of COj, palmityi phosphate about 0.82 equivalent. The yields of COi 
obtained were 0.755 and 0.78 equivalent respect! vely^, which are in fair 
agreement considering the inaccuracies involved and the lower temperature 
in the determination of the dissociation constants. The hydrolytic reaction 
followed the first order law in both cases. The delations in the case of 
palmityi phosphate were probably due to the precipitation of free palmitic 
acid which occurred, leading to low COj values. 

Behavior toward Acid Molybdate Solutions — Lipraann and Tuttle (6) and 
Fiske and Subbarow (11) have found that the phosphorus of acetyl phos- 
phate and phosphocreatine respectively appears as inorganic P when ana- 
lyzed by the Fiske and Subbarow molybdate colorimetric method (12). 
This hydroly'sis occurs >rithin the usual color development period. This 
property is also shared by the acyl phosphates here studied. The rate of 
color development (aminonaphtholsulfonic acid being used as the reducing 
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agent) in the presence of tlicsc compounds compared to the rate in the 
presence of orthophosphate was followed in a Coleman spectrophotomolcr. 
The rate of development of color from the acyl phosphates lagged behind 
that of inorganic P by only a very small interval. This Avas difficult to 
determine accurately in the case of palmityl phosphate, because the libera- 
tion of free palmitic acid produced a slight turbidity in the solutions. 
Maximum absorption values for the acyl phosphates Avere obtained aa’cII 
Avithin the usual color dcA^elopment time (10 to 15 minutes). The reaction 

Tauli; hi 

Rate of Spontaneous Hydrolysis of Ocianoyl and Palmityl Phosphate at pH 7.4 onrf S7° 
The Warburg vessels contained 1.00 ml. of the acyl phosphate (or H5O blank) and 
2.00 ml. of 0.03 m NaHCOa in the main compartment. The side arm contained the 
residue of 0.40 ml. of 0.0125 n tartaric acid dried in situ at 75°. The gas phase avos 
5 per cent CO2 in nitrogen. The retention of CO2 by foreign buffer was found by 
allowing the tartaric acid to dissolve in reaction media at the completion of the 
hydrolysis and comparing with a blank determination Avithout acyl phosphate. 
Octanoyl phosphate added, 3.25 X 10”® mole; palmityl phosphate, 2.23 X 10“®. 


Time 

Octanoyl phosphate 

Palmityl phosphate 



A’ X 10-« 



A’ X 

mitt. 

c,mm. 

per cent 


f.wm, 

per cent 


0 ! 

0 

0 

1 

0 

0 


96 

4.8 

S.7 

9. 40 


i 


210 

9.8 

17. S 

9.30 

7.0 


9.42 

390 

17.0 

30.9 i 

9.52 I 

13.0 


10,4 

720 

27.0 

49.1 

9. 38 

19.7 


9.76 

1320 

39.0 

70.9 

9.35 

25.5 

05.4 

S.20 

3900 

55.0 

100 

j 


39.0 

100 


Average 

9.41 1 



9.45 


mixture contained 0.4 ml. of 10 n H 2 SO 4 , 0.8 ml. of 2.5 per cent ammonium 
molybdate, and 0.4 ml. of reducing agent in a 10.0 ml. total A'^olume. 

Enzymatic Hydrolysis of Acyl Phosphates — Both the acyl phosphates 
described here, as Avell as acetyl phosphate, AA^ere quickly dephosphoiylated 
by homogenates or extracts of different rat tissues. The reaction AA^as 
folloAved manometrically by measuring the displacement of CO- from a 
bicarbonate buffer. 

Since adenine nucleotides are required in the oxidation of pyruAuc acid in 
both bacterial extracts (13) and in brain dispersions (14), in the oxidation 
of a-ketoglutarate in heart muscle preparations (15), in the oxidation of 
glyceraldehyde phosphate (16), and also in fatty acid oxidation (1), it AA^ould 
appear that the nucleotides may be required as obligatory phosphate ac- 
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ceptors for some intermediate compound formed in oxidation. At least 
this has been demonstrated in the case of a bacterial oxidation of p^Tuvate 
(13) and in glycemldehydc phosphate oxidation (IG). Ho^vever, Ochoa 
has noted (15) that succinyl phosphate was rapidly dephosphorjiated by 
his a*ketoglutanc dehydrogenase preparation in the absence of adenine 
nucleotide, making it seem unlikely that an obligatory' tmnsphosphorylation 
was involved in the need for adenine nucleotide in a-ketoglutarate oxida- 
tion, if succinyl phosphate is the actual intermediate in this oxidation. 

To test the assumption that a tinnsphosphorydation to adenine nucleo- 
tide is required in the dephosphoiydation of fatty' acid phosphates, a saline 
extract of rat liver was very' thoroughly' dialy'zed (inside and outside stir- 
ring) against several changes of saline at 4® for 4 day's. The hy'droly'tic 
acthity' dropped about 45 per cent in this period, compared to an imdial- 
yzed sample stored for the same length of time. The acti\’ity' was almost 
completely restored by' the addition of Adenylic acid or adenosine 

diphosphate did not stimulate the hy'droly'sLs. Fluoride inhibited the 
hydrolysis, as was expected. This extract, as well as most tissue prepara- 
tions, dephosphory'lated the acy'l phosphates faster than adenosine triphos- 
phate. Extracts of acetone powders of rat liver contained a potent acydphos- 
phatase but no adenosinetriphosphatase. The acy'lphosphatase acthity' 
was found to be quite resistant to acid, a treatment which inactivated 
completely' phosphatase acti\ity toward several other substrates. It would 
appear that a specific phosphatase for the acy'l phosphate linkage is present 
in extracts of rat liver, and that the adeny'lic acid system is not involved in 
its action. 


SUMMARY 

1. Monopalmityiphosphoric acid and monooctanoy'lphosphoric add 
(mixed anhy'diides of phosphoric add and the fatty' acid) have been i^'nthe- 
sized by' the reaction of the proper acy'l chloride with monosilver phosphate. 
The methods developed may' be used in the ^mthesis of other higher fatty' 
acid phosphates. 

2. Silver, calcium, barium, and strychnine salts of these compounds were 
obtained. 

3. The introduction of the phosphate group into the fatty' acid molecule 
causes it to assume the properties of a much more soluble, more hy'drophilic 
substance. 

4- The compounds arc relatively' unstable in aqueous solution, but are 
more stable than either acety'I phosphate or 1 ,3-diphosphogly'ceric add. 

5. Phospliatase.s present in mammalian tissue.s quickly' hydroly'ze the 
fatty add phosphates. The adenylic acid system is not an obligatoiy' 
phosphate acceptor in the dephosphory'lation of the fatty' acid phosphates. 
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THE EFFECT OF THE DIETARY LEVEL OF IHETHIOXINE OX 
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College t Nexc York City) 

(Received for publication, November 29, 1945) 

During a study of the role of methionine in transmethylation, tre became 
interested in the influence of the dietary level of deuteriomethionine on the 
rate at which deuteriomethyl groups appear in the tissue choline and 
creatine. To investigate this point, a paired feeding experiment was set 
up in which diets free of choline and creatine and containing 0.7 and 1.4 per 
cent deuteriomethionine (CDjSCHaCHiCHNHsCOOH) respectively were 
used. Two pairs of j^oung rats, each rat weighing about 65 gm., were 
placed on each of these diets for 7 days. At the end of this period, the 
animals were sacrificed and the choline and creatine of their tissues were 
isolated. Deuterium analyses indicated that the amount of isotope in the 
isolated compounds was dependent upon the amount of deuteriomethio- 
nine in the diet. The choline and creatine isolated from the tissues of the 
two rats fed the diet containing 1.4 per cent deuteriomethionine contained 
almost twice as much deuterium as the choline and creatine isolated from 
the tissues of their litter mates fed the 0.7 per cent deuteriomethionine 
diet. 

If the dietary level of deuteriomethionine had been without effect on the 
amount of deuterium found in the isolated choline and creatine, one could, 
of course, have concluded that the dietarj’' level does not affect the rate 
of transmethylation. Unfortunately, the converse does not necessarily 
follow. The obser\"ed difference in the amount of deuterium which ap- 
peared in the choline and creatine at the two different dietary' levels may 
be due to different isotopic concentrations of the methionine which 
participates in the transmethylation reaction rather than to different 
rates of transmethylation or even to a combination of both these effects. 
Since the procedures which have been worked out (1) for the determination 
of the deuterium content of tissue methionine are not quantitative, it was 
not possible to determine the actual deuteriomethyl content of the methi- 
onine in the tissues which would reflect to some extent the deuteriomethyl 
content of the methionine involved in the transmethylation reaction. 

* The authors wish to acknowledge a grant-in-aid by the Nutrition Foundation, 
Inc., which has contributed to the support of this investigation. 
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To distinguish bcUvccn the ])ossilDlc alternatives necessitated another 
type of experimental approach. Tlic following experiment was set up to 
eliminate the isotopic concentration of the methionine as a factor. 

Five adult male rats were fed dcutcriocreatinc for a 3 week period in 
addition to their normal casein diet. The feeding of deuteriocreatine was 
then discontinued. Two of the rats were fed a diet which contained about 
0.7 per cent methionine in the form of casein, while the other three rats 
were fed the same amount of casein supplemented with sufficient d/-methi- 
onine to bring the total methionine level to about 1.4 per cent. The rates 
of disappearance of the deuteriocreatine at the tAvo dietaiy levels of 
ordinary methionine were followed for 40 days by isolating samples of 
creatinine from the urine collected from each group at interv^als. Since 
deuteriocreatinine excreted on a creatine-creatinine-free diet reflects 
directly the isotope content of tissue creatine (2), the changes in isotope 
concentration in the urinary creatinine Avere used here to folloAv the 
changes in tissue creatine throughout the experimental period. Finally 
the rats AA^ere sacrificed and creatine Avas isolated from the tissues of each 
animal. 


EXPERIMENTAL 

NH2 

1 

I 

Synthesis of Deiiieriocreaiine (CDzNCH^COOH) — Deuteriosarcosine 
hydrochloride (CDaNHCHiCOOH-HCl) A\^as prepared from deuterio- 
methyl iodide (2) and p-toluenesulfonjdglycine b}’' the method of Fischer 
and Bergmann (3). A solution of 4.4 gm. of this sarcosine hydrochloride 
in 14 cc. of Avater Avas treated Avith 4 cc. of concentrated ammonium 
hydroxide and 2.8 gm. of cyanamide dissoh'cd in 10 cc. of Avater. The 
reaction mixture Avas alloAved to stand at room temperature for 3 days, and 
the deuteriocreatine hydrate Avhich crystallized Avas then filtered off. The 
creatine hydrate Avas reciystallized from AA^ater and dried to constant 
Aveight in an OA^’en at 100° to convert it to deuteriocreatine. 2.S4 gm. of 
the product A\^ere obtained. 

Aiialysis — Calculated, 31.60; found, N 31.73 

Deuterium analysis shoAA'ed 62.7 atom per cent deuterium in the methyl 
group. 

1 Calculated values based on increased molecular weight due to deuterium in the 
molecule. 
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Fccdmg of Dciiieriomcihionine at Two Different Levels — F our young female 
rats were placed on sjmthetic diets containing deuteriomethionine (2); 
one pair of rats received a diet containing 0,7 per cent deuteriomethionine 
and the other pair received a diet containing 1.4 per cent deuteriome- 
thionine. The deuteriomethionine contained 16.7 atom per cent deuter- 
ium in the methyl group. The diets were othen\ise identical and had the 
foUovdng percentage composition: amino acid mixture (4) 21.3, dextrin 
25.7, sucrose 15,0, salt mixture (5) 4.0, agar 2.0, com oil (INIazola) con- 
taining ntamins A, D, E, and K (4) 30,0, and deuteriomethionine plus 
dextrin 2,0. In addition, each rat was ^ven daWy two 0.5 cc. portions 
of an aqueous solution of B \itamins ha\ing the following composition (in 

Table I 

Paired Feeding Ezipcnmenl with Deulenomethionine 

Hats fed deuteriomethionine (16-7 atom per cent deuterium in the methyl group) 
for 7 days. 


Rat No 

Change m 
; body weight 

Level of 
' dculeriomethjo- 
> nine in diet 

! Total 

doiteriomelhicK 
nine ingested 

i Tissne eholine 
Dentcriian in 
isolated choline 
cfaloroplitinatc 

Tmne creatine 
Dcutenttm in 
isolated creatinine 

K p-cratc 



per ur.t 

JEW 

cEm per cent 

etitrt per cent 

1748 

6S-7S 

0 7 1 

0 312 

1,64 ± 0.11 

0.52 dz 0.08 

1749 

G3~73 1 

0 7 i 

0 319 

1.75^:0.17 

0.60 dr 0.09 

1750 

67-60 

1 4 

0 546* 

2.49 db 0.10 

0,76 db 0.09 

1751 

65-75 

1 4 

0 623 

3.03 dz 0.00 

0.89 ± 0.08 


* For the first 6 days Rat 1750 ingested approximately the same amount of deute- 
riomethioninc as Rat 1751, but, on the 7lh day, the total food int.akc of Rat 1750 
BUS considerably below that of Hat 1751 


mg. per 1 cc.) : 0 02 each of thiamine chloride, nicotinic acid, pyridoxine 
hydrochloride, and ribofiavm, 0.2 of dZ-calcium pantothenate, and 25 of 
choline-frce jy^zamin-B (G). During the 7 daj* experimental period, the 
food intake was controlled. The amount of deuteriomethionine ingested 
by each rat is given in Table L It should be noted that the amount of 
deuteriomethionine ingested by Rat 1750 was somewhat less than that 
ingested by Rat 1751, the other member of the pair. This was due to 
the fact that Rat 1750 ate considerably lcs,s than Rat 1751 on the final 
day of the experiment. 

After 7 days the animals were sacrificed and choline and creatine were 
isolated (2) from the tissues of each animal as choline chloroplatinate and 
creatinine potassium picrate respectively. The purity of the plcrates was 
determined colon metrically hy the Jaffe reaction. 
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Aiialjjsis — Choline chloroplatimite 


Rat 1748. 

Calculated,! PtSl.G; 

found, I’l 31. G 

“ 1749 

‘‘ 31,0; 

“ “ 31. G 

1750 

“ 31.6; 

“ “ 31.5 

“ 1751 

“ 31.6; 

“ “ 31. G 


All the isolated compounds were analyzed for deuterium and the results 
of these analyses are given in Table I. 

Feeding of Ordinary Methionine at Two Different Levels — Five male rats, 
weighing from 290 to 390 gm., were placed in individual cages arranged for 
urine collection and fed a casein diet having the following percentage 
composition: vitamin-free casein (Smaco) 20, salt mixture (5) 4, Crisco 19, 

TAnnn II 

Dc2Ucriocrcali7ic Expcrirtient 


Rats fed 5 mg. per 100 gm. of body weight per day of deuteriocrcatine (62.7 atom 
per cent deuterium in the methyl group) for 21 days prior to initial urine collection. 
Group A, two rats; Group R, three rats. 



Days after last 
deuteriocrcatine 
feedinR; period 
of urine 
collection 

Deuterium in material isolated 

Group A (0.7 per cent methionine 
diet) 

Group B (1.4 per cent methionine 
diet) 



atom per cent 

atom per cent 

Urinary 

0-3 

4.15 it: 0.12 

3.90 ± 0.10 

creatinine 

4-6 

4.00 ±-0.12 

3.94 i 0.14 


11-13 

3.61 ± O.IG 

3.55 ifc 0.16 


18-20 

3.14 ± 0.13 

3.08 it 0.12 


25-27 

2.47 ± 0.13 

2.38 ± 0.11 


32-34 

2.14 ± 0.18 

2,10 ± 0.10 

Tissue 

40 

2.06 ± 0.07 (Rat 1) 

2.01 ±0.10 (Rat 3) 

creatine 


1.99 ± 0.07 ( “ 2) 

2.23 ± 0.10 ( “ 4) 




2.07 ± 0.08 ( “ 5) 


corn oil (Mazola) 1, and sucrose 56. The fat-soluble ^dtamins were mixed 
in the diet and the water-soluble vitamins of the B complex were fed in 
aqueous solution, as described above. To the aqueous vitamin solution 
was added sufficient deuteriocrcatine (62.7 atom per cent deuterium in 
the methyl group) to give each rat 5 mg. per 100 gm. of body weight per 
day. This diet and vitamin supplement were fed for 3 weeks. The 
deiiteriocreatine feeding then was discontinued and the rats were divided 
into two groups: Group A, with two rats, and Group B with three rats. 
Group A was continued on the 20 per cent casein diet, which contained 
approximately 0.7 per cent methionine. Group B was given the 20 per 
cent casein diet to which was added 0.7 gm. of methionine per 100 gm. of 
diet. Tims, Group B received a diet containing approximately 1.4 per 
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cent methionine. The rats were continued on these creatine-free diets for 
40 days, and the dail}' food intake was controlled in order that the rats in 
Group B should ingest at least twice as much methionine as did the rats 
in Group A. 

Urine was collected over the first 72 hours after the feeding of deuterio- 
creatine had been discontinued and then was collected over 48 hour periods 
at w'eekly inten^als, as indicated in Table II. The urine collected from the 
rats in each group was pooled and the total urinary" creatinine was deter- 
mined colorimetrically by the Jafie reaction. There w'as no significant 
diilerence between the amoimts of creatinine excreted per 100 gm. of body 
Aveight by the rats in the two groups. Creatinine W'as isolated from the 
pooled urine as creatinine potassium picrate (7), 

On the 40th day after deuteriocreatine feeding had been discontinued, 
the animals w"ere sacrificed, and the creatine was isolated from the tissues 
of each rat (2). The deuterium contents of all the isolated compounds 
are given in Table II. 


DISCUSSION 

The use of data concerning the rate of appearance of one isotopic com- 
pound after the feeding of another isotopic compound for conclusions re- 
garding the rate of synthesis of the former is fraught with many difficulties. 
At best, one is measuring the (fifference between an over-all rate of for- 
mation and the rate of disappearance of the compound. Nevertheless, 
w'hen the rate of appearance of deuterium in choline and creatine varies, 
with a variation in the dietary" level of deuteriomethionine, as shown in 
Table I, at least one of the rate steps involved must depend upon the 
dietary- level of methionine. 

As already pointed out in the introduction, the results of the paired 
feeding experiments with 0.7 per cent and L4 per cent deuteriomethionine 
diets respectively" could not indicate w'hich step or steps in the over-nil 
series of reactions were dependent on the dietary- level of methionine. 
Should it be the rate of transmethylation from the methionine of the body" 
to choline and creatine w"hich increases as the level of dietary- methionine 
increases, it would follow that the amount of choline and creatine synthe- 
sized in a given period of time can be altered merely' by- changing the 
amount of methyl donor in the diet. Such a variation in rate of synthesis 
is particularly- improbable for creatine because of the constancy" of the 
total amount of creatine in the body- and the concomitant constancy" of 
creatinine excretion. The mere possibility- of such an interpretation w'as, 
how-ever, sufficiently- startling in \iew’ of current theories to wnrrant the 
further investigation involved in the second scries of experiments. 

Of course the other explanation, namely that the difference in the 
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amount of deuterium which appears in the choline and creatine at the two 
dietary levels of methionine is due only to the different rates of appearance 
of deuteriomethionine in the methionine which participates in the trans- 
methylation reactions, leads to a more orthodox interpretation. If this 
explanation is correct, then the deuterium content of the choline and 
creatine from the pair of rats fed the 1.4 per cent deuteriomethionine diet 
will, of necessity, be greater than that of the pair fed the 0.7 per cent diet, 
even though the rates of transmethylation remain the same. 

It is sometimes possible to choose experimental conditions such that 
the interpretation of data concerning rates is simplified and the necessity 
of introducing many assumptions is obviated. Such conditions are il- 
lustrated in the experiment of Bloch, Schoenheimer, and Rittcnberg (8) in 
their study of the rate of creatine synthesis. These authors followed the 
rate of disappearance of creatinine from the urine of rats after the 
feeding of creatine had been discontinued. Since it had been shown 
that (a) the total amount of creatine in the animal body remains constant, 
(6) the nitrogen of creatine does not participate in any further anabolic 
reactions, and (c) the rate of excretion of creatinine remains constant, 
then the rate of disappearance of isotopic creatine is equivalent to the rate 
of synthesis of creatine. 

Unfortunately, in the case of choline, it is not possible to study the rate 
of synthesis, i,e, the rate of methylation of ethanolamine, directly as in 
the case of creatine. To follow the rate of synthesis by labeling the methyl 
group is impossible since transmethylation from methionine to choline is 
reversible. Nor is it possible to follow the rate of synthesis with N^^, for, 
although the total amount of choline apparently remains constant even in 
choline deficiency (9, 10), the rate of choline degradation is not known to 
remain constant. 

Since the methyl group of creatine, unlike that of choline, does not enter 
any further transmethjdation reactions (11), it is possible to study the 
rate of transmethylation to creatine in a manner analogous to the 
study with creatine (8), simply by following the rate of disappearance of 
deuterium from tissue creatine which has been labeled by the feeding of 
deuteriocreatine. By the use of this technique, the effect of various 
factors on the rate of transmethylation to creatine may be investigated. 
In particular, the effect of different dietaiy levels of methionine on the rate 
of creatine synthesis could Ido followed. 

If the rate of creatine foimation does increase nith the increase in the 
dietary level of the precursor of the methyl group, deuteriocreatine should 
disappear more rapidly from the tissue creatine of the three rats fed the 
larger amount of methionine. This was not the case. As shown in Table 
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II, there was no difference between the two groups ^rith respect to the 
deuterium content of the unnao” creatinine samples isolated at anj" ^ven 
time during the 40 day experimental period. Nor was there any difference 
between the two groups in the deuterium content of the tissue creatine 
samples isolated at the end of the experimental period. Furthermore, 
quantitative creatinine determinations on the urines from the two groups 
showed that the same amount of creatinine was being excreted per 100 gm. 
of body weight by both groups. It may be concluded, therefore, that the 



Fig.1. a comparison of the rates of disappearance of the isotope in urinarj’ 
creatinine obtained after feeding dcuteriocrcatine and N** creatine respectively. 
O, atom percent deuterium in urinarj' creatinine, Group A; A, atom per cent deute- 
rium in urinary creatinine, Group B; •, atom per cent N“ excess in urinary creati- 
nine (8), 

rate of transmethylation to creatine, at least in the adult rat, is indepen- 
dent of the dietary” level of methionine. 

As stated above, our experiment Avith deuteriocreatine was similar to 
that of Bloch and co workers (8) in that the tissue creatine was labeled by 
the feeding of isotopic cmatine and the disappearance of the isotope from 
the urinaiy cieatinine was followed. Wrercas deuteriocreatine Avas used 
in our laboratory, Bloch, Schoenheimer, and Rittenberg used creatine 
containing It is noAv possible to compare these Iaa'o independent sets 
of data dealing A\ith the rate of disappearance and simultaneous symthesis 
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of tissue creatine. In Fig. 1, the concentrations of creatinine samples, 
obtained after the feeding of isotopic creatine liad been discontinued (8), 
have been plotted for comparison with the deuterium concentrations of the 
creatinine samples obtained in our experiments summarized in Table II. 
The half time arrived at from the data was 29 days, while that from the 
present data is approximately 36 days. Although these are not in com- 
plete agreement, they are of the same order of magnitude and probably 
indicate an experimental variation rather than a different metabolic fate of 
the methyl and guanidoacetic acid portions of the creatine molecule. 

SUMMARY 

A paired feeding experiment was carried out with immature rats on diets 
containing 0.7 or 1.4 per cent deuteriomethionine (CD3SCH2CH2CHNH2- 
COOH). Analysis of the tissue choline and creatine indicated that the 
deuterium content of these tissue constituents is dependent upon the 
amount of deuteriomethionine ingested. 

After tissue creatine had been labeled with deuterium by the feeding of 

NH2 

C=NH 

1 

deuteriocreatine (CD3NCH2COOH), creatine-free diets containing 0.7 or 
1,4 per cent ordinary methionine were fed to two groups of adult rats. 
The deuterium content of the creatinine isolated at intervals from the 
urine of each group w'as determined. The level of methionine in the diet 
w^as found to have no effect on the rate at wiiich deuterium disappeared 
from the urinary creatinine. 

It w'as concluded that the rate of methyl transfer from methionine is not 
proportional to the level of methionine in the diet. 

The authors w'ish to thank Dr. J. R. Rachele of this laboratory for 
carrying out the microanalyses and also Miss Miriam Thompson and Mrs. 
Martha Gerrard for their assistance in this investigation. 
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THE ULTRAVIOLET IRRADIATION OF QUININE 


By GRANVIL C. ICYKER, W. E. CORNATZER, MILDRED AL McEWEX* 

{From the Department of Biological Chemistry and Nvtrtlionj School of hfedicine, 
UnivcrsUy of N'orth Carolina ^ Chapel Hill) 

(Received for puWication, Kovember 14, l&i5) 

Aithougb various investigators have recognized that tbe exposure of 
dilute solutions of cinchona alkaloids to light of short wave-lengths destroys 
the alkaloidal structure, neither the nature of this photochemical reaction 
nor its products have been established. The conclusions have been con- 
troveisial in many respects. In one case (16) it was stated that the rate of 
reaction is reciprocally related to the concentration of oxygen in the solu- 
tion, Avhereas in another (4) the presence or absence of oxj^gen was said to 
have no effect. Contradictorj^ claims regarding the change of the pH of 
the solution during iiradiation have appeared (4, 9). Others (6, 8, 14, 15) 
have suggested that an isomerization of quinine to quinotoxine is the result 
of the irradiation of this cinchona alkaloid. It has been established that 
this isomerization does occur to some extent when the alkaloid is dissolved 
in one of a number of organic acids and irradiated (2). Still another inter- 
pretation is that a dimerization takes place through the vinji group on 
each of 2 molecules (4). 

The objectives of this investigation have been the definition of the pho- 
todecomposition of quinine, under specified conditions of irradiation, by 
ansl>dical methods which have not been applied heretofore and the bio- 
logical evaluation of the irradiation products by a determination of their 
antimalarial acthit 5 \ The results of the latter constitute a separate re- 
port.^ Certain conclusions have evolved which are incidental to the pri- 
maiy^ objectives and which bear on some of the controversial claims that 
have been previously cited. 


nXPF.UIMEXTAL 

Irradiation with Direct Sunlight 

Solutions — Quinine dih^-'drochloride, Avhich had been dried to constant 
weight in vacuo over phosphoric anh 3 'dride and shou*n to be pure by a 
determination of its specific rotation (1), was used in the preparation of a 
stock solution wliich contained 25 gm. of quinine as the free base per liter 
of the aqueous salt solution. Standard solutions, each of which contained 

• Present address, Department of Chemist o', Queens College, Charlotte, North 
Carolina. 

* Kyker, G. C., McEwen, M, M., and Comatzer, W. E., unpublished data. 
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5 mg. of quinine per ml. in 0.0005 N NaOH, water, and 0.030, O.OGO, 0.125, 
0.250, 0.500, 1.00, and 2.00 n HCl, were prepared by dilution of 100 ml. of 
the stock to 500 ml. with the calculated volume of 0.1 n NaOH and alcohol, 
water, or HCl of convenient normality and water. The standard with an 
alkaline reaction was prepared in 50 per cent alcohol in order to maintain 
complete solution of the free base. From each standard, ten serially num- 
bered containers were filled and tightly stoppered. The containers con- 
sisted of 50 ml. Pyrex flasks with rubber stoppers and clear soft glass vials 
with paraffined cork stoppers. Each of the two kinds of containers was 
arranged alternately thi’oughout the series. 

Irradiation — ^With the exception of one from each series which was stored 
in a dark cabinet to serve as a control, all flasks and vials were placed out- 
side on the sills of south windows. The location provided direct sunlight 
at practically all hours of the day. Daily irradiation was continuous for 
each until the time of its removal from sunlight for anab'^sis. An hourly 
record of bright sun was kept for exposures of 10 days or less and cloudy 
intervals were disregarded. The accumulation of 10 hours of bright sun 
was recorded as 1 day. Exposures in excess of 10 days were recorded 
according to the calendar. 

Observations — A member from each series was removed simultaneously 
at consecutively greater intervals of exposure as follows: 0.5, 1,0, 3.0, 10, 
35, 105, and 275 days. Each solution was analyzed routinely by three 
procedures and the result for each procedure was expressed in percentage of 
the original concentration of quinine which the solution contained before 
irradiation. 

A 1 ml. sample of the irradiated solution was placed b}'' pipette in a 250 
ml. volumetric flask and diluted to the mark with the calculated amount of 
dilute standard HCl and water so that the resulting solution contained 
0.030 N HCl. An Evelyn photoelectric colorimeter was used to analyze 
this diluted solution of the irradiated quinine according to the procedure by 
Kyker, Webb, and Andrews (11) for the estimation of quinine. Determi- 
nations were made both before and after samples were subjected to con- 
tinuous ether extraction. Triplicate samples were determined in every 
case. The direct estimation of quinine was carried out by pipetting 2 ml. 
samples of the solution into each of three colorimeter tubes, adding 8 ml. of 
0.030 N HCl, mixing, preparing a silicotungstate turbidity, and measuring 
the density of the turbidity in the manner which is described under macro- 
'procedure in the above method. In the event that no chemical changes 
resulted from the irradiation, the density of the turbidit}^ should correspond 
to a concentration of 4 mg. of quinine per liter. The alternate procedure 
for the analysis of this diluted solution consisted of placing a 7 ml. sample 
in a continuous extractor, rendering it alkaline with 3 ml. of 0.1 n NnOPI, 



KYKER, COIINATZER, AXD MC£rV\'EX 


355 


and dissohdng the ether-extractable material in 35 ml. of 0.030 x HCl from 
Avhich solution three 10 ml. samples were taken for the final estimation. 
The dilution factor is of the same order as that which is prescribed in the 
first procedure and a concentration of 4 mg. of quinine per liter would be 
indicated for samples containing unchanged quinine. 

The specific optical rotation was determined for each of the irradiated 
solutions. All determinations were made with a Schmidt and Haensch 
half shadow polarimeter which reads to ±0.01°. Monochromatic D light 
from an electric sodium vapor lamp was emplo 3 'ed and all readings were 
made at 28° ± 1°. 

Irradiaiion with Ultraviolet Lamp 

Solutions — ^The following solutions were prepared and irradiated : quinine 
dihydrochloride in 2.00 N HCl,- 2 and 6 gm. per liter; quinine sulfate dihy- 
drate in 0.100 N H;S 04 , 6 gm. per liter; and quinidine sulfate in 0.100 x 
H:304, 0.02 gm. per Jiter. 

Irradiation — ^A 125 watt mercury arc lamp= with a 1^ inch quartz fila- 
ment was used in all cases. The solutions were irradiated in a disk-shaped 
quartz cell (dimensions, 9 mm. thickness, 72 mm. diameter), equipped with 
a quartz stopper, which was placed across the path of radiation at a hori- 
zontal distance of 12 inches from the filament. The heat from the lamp 
kept the cell and contents at 30-32° during operation. No forced ventila- 
tion was provided. In each experiment, the cell was filled to its capacity', 
placed in the path of radiation, and at specified intennls 1 ml. samples 
were removed for analysis. 

Observations — ^The samples were diluted to an appropriate concentration 
of the alkaloid in 0.030 x HCl or 0.100 x H;SO<, from which aliquots were 
analyzed bj^ one or more of four procedures. Two of these procedures were 
similar to the sdicotungstate turbidimetiy which is described above for the 
products of simlight irradiation. The other two emploj'ed the fluorescence 
of the sulfate of the alkaloid, which was measured on samples before and 
after extraction. The instrumentation consisted of a Coleman electronic 
photofluorometer. The extraction which was applied before either the 
turbidimetric or fluorometric determination was a continuoas process 
with chloroform (12) rather than the previously used continuous ether 
extraction. 


DISCCSSIOX 

Observations on the solutions which were irradiated by .sunlight arc pre- 
sented in Fig. 1. An evaluation of the stabilitj" of these solutions depends 

* The lamp which was used is an .Alpine Sun Burner a standard model, con- 
structed by the Hanovia Chemical and Manufacturing Company, Newark, Xew 
Jersey. 




Fig. 1. The irradiation of quinine by sunlight. Within each column the hori- 
zontally hatched, the solid, and the 60° hatched posts represent respectively the 
data from determinations by direct silicotungstate turbidimetry, by ether extraction 
and silicotungstate turbidimetry, and by polariscopic measurements. The columns 
resting on solid pillars pertain to solutions which were irradiated in Pyrex containers, 
and those resting on open pillars pertain to soft glass containers. S signifies con- 
tinuous exposure to sunlight and D signifies continuous storage in a dark cabinet. 
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considerably on the method of analysis which is chosen to evaluate the 
concentration of the irradiated solution in terms of the original concentra- 
tion of quinine. Polariscopic measurements reflect the least change of ail 
the methods which were used. These measurements coxxidnot be made on 
any of the solutions which were irradiated longer than 35 days, because 
the discoloration which accompanied photodecomposition became so in- 
tense that reliable readings were impossible. Two of the solutions (0.500 n 



Fig. 2. Ultraviolet irradiation of quinine in 2 n HCl by the mercury’ arc lamp. 
The curves represent the same irradiation product and correspond respectively to the 
following analytical methods and treatments which were employed: broken line and 
single circles, direct turbidimetry; solid line and double circles, turbidimeto’ of 
material extractable with chlorofomr; solid line and single circles, fiuorometry of 
material extractable with chloroform. 


and 1.00 K hy'^drochioric acid) showed a large increase in the apparent qui- 
nine content after 35 days exposure. These are represented by broken 
posts in Fig. 1 ; the obser^^ed rotation was equivalent in each case to 133 
per cent of the unexposed quinine. Considerable destruction of quinine 
was sho^^‘n in all of the solutions by silicotungstate turbidimetry both when 
this method was applied directly to the irradiated solutioas and when the 
alkaloidal components were separated previously by extraction. 

Each of the analyiical proccdums indicated mono decomposition in the 
dilute sodium hydroxide solution than in any of the other solutions. The 
increase in the stability of the alkaloid in 0.030 x acid over that in 0.0005 K 
alkali was pronounced. The stability continued to increase n*ith the con- 
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centriition of the acid to O.OGO n, declined slowly to 0.250 n acid, and 
rapidl}^ to 2.00 N hydrochloric acid. 

In the higher concenti’ation of acid in which the decomposition is more 
pronounced, the quantitative progression of the reaction is smoother when 
those samples which were in Pyrex containers are considered as a series and 
compared with the series of samples in the soft glass containers. The soft 
glass showed more opacity to the eflectivc wavc-Jengths of light from 
the sun. 

The samples in the various acid solutions which showed no significant 
change in quinine content by any of the methods of analysis did undergo 
some chemical reaction. The basis for this claim is the discoloration which 
appeared very early during the irradiation and gradually became quite 
intense before any significant change could be confirmed by analysis. A 
yellow or amber color appeared first in the solutions of both high and low 
acid concentrations. The intermediate solutions first showed a pink color. 
The former progressed to a brownish turbid state and the latter to a deep 
wine-red color. The control samples which were stored in the dark re- 
tained both them original appearance and their original content of quinine, 
as measured by each of the analytical methods. 

The use of an artificial source of irradiation provided a more quantita- 
tive means of treatment, a more rapid rate of decomposition, and results 
which are qualitatively similar to those from irradiation b}'' sunlight. 
These results which are presented in Fig. 2 were derived from a study of 
solutions which contained 2 gm. of quinine dihydrochloride, as the free 
base, in 2.00 n hydrochloric acid. These solutions contained the same 
amount of acid and 40 per cent as much quinine as the solution which 
underwent the greatest change by exposure to sunlight. Any differences 
in the observations of the artificially irradiated solutions which depend on 
the analytical procedures are small when turbidimetric analyses, before and 
after extraction of the alkaloidal components with chloroform, are com- 
pared. The divergence of the two curves in Fig. 2 which provide this 
comparison is greater beyond 20 hours irradiation, however, than the com- 
bined error of the two methods. fluorometric anal3''sis the concentra- 
tion of quinine decreases almost lincarl}’' and more slowly than by tur- 
bidimetry. Polariscopic measurements were made but are not included 
in Fig. 2 because they indicated only slight changes in the composition of 
the solutions. After as much as 50 per cent of the quinine was shown to 
be decomposed by turbidimetiy, there remained from 96 to 100 per cent 
of the original quinine according to polariscopic determinations. In sharp 
contrast to the discoloration which was displayed so prominently in the 
irradiation products of sunlight, very little discoloration appeared during 
artificial irradiation. During the period of longest exposure to the lamp, 
the color did not progress beyond a faint yellow. 
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T\Tieii the results of the same anal^-tical procedure are compared for the 
two sources of radiation, the ultra\iolet lamp was quantitativeh' more 
effective under the conditions of the experiments. The degree of decom- 
position which was found by turbidimetrj" after 48 hours exposure to the 
lamp through quartz was equivalent to that of at least 100 da 3 's of sun- 
light through glass. The effect of the composition of the containers for 
the irradiated solutions on photodecomposition is explained by a correla- 
tion of the spectral transmission of quinine (5, 13) and of soft glass, P^Tnex, 
and quartz (3), since only the last transmits freelj' those wave-lengths 
which are absorbed by the alkaloid. 

The results of other experiments on the irradiation of quinine b^’ a mer- 
cur>' arc lamp are summarized in Table I. These results provide a com- 
parison of the effect of a change in the concentration of quinine and in the 

Table I 

Irradiation oj Quinine Sulfate and Quinine Dihrjdrochlornde tcith Quartz Mercury Arc 

Lamp 



j Analytical methods and results, apparent fjuinine 

Exposure 

Turbid imetr^' of silicotunijstates j 

j Fluorometiy 

1 Direct, no extraction 

Previous ex- 
traction 

Direct 

Extraction 


Hydrochloride 

SuUate 1 

Hydrochloride 

Sulfate 

Hydrochloride 

hrs. 

per cer.i 

ptr cent 

per cent 

per cent 

per cent 

0 

102.3 

105.3 


100,0 


12 

54.2 

54.8 


100.0 


24 

51.0 


56.4 

96.6 


36 

48.7 


42.8 

96.2 


48 

46.2 


48.1 

94.7 

96.0 


composition of the acid which serves as the solvent. Both the hydrochlo- 
ride and the sulfate which are recorded in Table I contained 6 gm. of the 
alkaloid as the free base in 2.00 N hydrochloric acid and 0.100 x sulfuric 
acid respective!}^. When compared tiubidimetrically the hydrochloride 
solutions which are described both in Table I and in Fig. 2 decompose at 
approximatel}" the same rate, although the concentration of quinine in the 
former is 3 times that of the latter. The same conclusion is reached if the 
sulfate and hj^drochloride are compared. Little or no significant difference 
in the rate of decomposition of the sulfate and hydrochloride is showm in the 
data of Table I when the comparison is made on either a fluorometric or a 
turbidimetric basis, although the two different acids are used at extremeh" 
different concentrations. The two hj'drochloride solutions which are com- 
pared above b}^ turbidimetric analj^sis do show a difference in their rate of 
decomposition by a fluorometric comparison, the more concentrated 
solution showing Ic.ss decomposition during a specified period of irradiation. 
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The irradiation of quinidinc, 20 mg. per liter in 0.1 N sulfuiic acid, was 
shown by fluorometric analysis to contain GO, 44, and 31 per cent of the 
original quinidinc after 1, 2, and 3 hours exposure respectively to the mer- 
cuiy arc lamp. This is much more rapid than the decomposition of quinine 
in the same acid. This is attributed to the extreme difference in the con- 
centration of the quinine and quinidinc solutions, since the rate of photode- 
composition of quinine is influenced by its concentration when the change 
is followed fluorometi’ically. 

A chemical interpretation of the nature of the decomposition is difficult 
when one compares the results which were obtained by the fluorometric 
and turbidimetric procedures. Although the latter is the less specific of 
the two methods, its validity has been established for quinine in the absence 
of interfering substances (10). Therefore, this method indicates reliably 
the maximal but not the minimal amount of quinine 'per sc which remains 
in the irradiated solutions, since some reaction product of quinine may also 
respond along with an}'' quinine which may remain. The properties of the 
fluorescent cinchona alkaloids and their derivatives suggest that few struc- 
tural changes can occur without the loss of fluorescence (7). The results 
impose, however, the conclusion that the reaction product of quinine retains 
the more specific property of fluorescence to a greater degree than it retains 
the less specific property of precipitation with an alkaloidal reagent. This 
conclusion does not include isomerization to quinotoxine which has no 
fluorescent properties and which does yield a silicotungstate turbidity. 

Similar to our experience, Dietzel and Sollner (4) did not observe quanti- 
tative agreement between their methods of anal3^sis of the solutions which 
they irradiated. They followed the reaction during irradiation by measur- 
ing the changes in the optical rotation and the boiling point elevation of the 
solution. As nearly as the conditions of their experiments can be correlated 
with those of ours, the changes in rotation are in general agreement. Their 
conclusion that a dimerization of the quinine molecule is brought about b}' 
ultraviolet irradiation is invalidated, however, by a recalculation of the 
data from their determination of boiling points. The decreasing effect 
of the solute on the elevation of the boiling point, which they determined 
at intervals of 3 hours during 12 hours exposure to a mercury lamp, is 4 
times as great as the constant for water allows e^^en if all solute particles 
had been removed from the original solution of quinine which the}'' used. 

No supposition can be offered from the evidence which is available at 
present that accurately describes the reaction which quinine undergoes 
during irradiation or the products which it yields. 

SUMMARY 

A quantitative study has 1)cen made of the photodecomposition of qui- 
nine, which occurs during its irradiation ly sunlight and by an ultraviolet 
lamp under specified conditions. 
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Diflcivnt analytical tools have been employed in following the photo- 
chemical reaction which quinine undergoes. 

The influence of the concentmtion and llie compo>Uion of the acid in 
which the alkaloid was dissolved during irradiation has been evaluated. 

The photodecomposition of quinidine has l>een compared \rith that of 
quinine. 

The authors acknowledge and express their appreciation to the Samuel 
S. Fels Fund for pro\dding the support which made this work possible. 
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IDENTIFICATION BY DISTRIBUTION STUDIES 
VI. ISOLATION OF ANTIBIOTIC PRINCIPLES FROM ASPERGILLUS USTUS 

Bt GEORGE H. HOGEBOOM akd LYMAN C. CRAIG 
{From the Laboratories of The BocJcefelter Institute for Medical Research, New York) 

(Received Jor publication, December 8, 1945) 

It was recently reported by Kurung (1) that the mold Asfiergillus uslus 
produces a substance which inhibits in vitro the growth of both Mycohac- 
ierium tuberculosis and Mycobacterium ranae, Kurung further noted that 
the active principle could be extracted with ether and other organic sol- 
vents from the medium on which the mold was cultured. The problem 
of further purification and isolation of the active substance or substances 
present in the extract has been undertaken in this laboratory. 

An excellent opportunity was thus offered to test the practicability" of 
the use of the recently devised ''counter-current distribution” technique 
(2, 3) for the isolation of biologically active principles from such crude 
preparations as the one at hand. The possibilities and particular advan- 
tages of this method in the isolation, characterization, and proof of homo- 
geneity of an unknown substance, whether an active principle or other- 
\sise, have been previously pointed out (2) and do not require repetition 
here. The initial experiments with the method in attacking the present 
problem met at once with sufficient success to warrant, in our estimation, 
publication of the results, even though they are at present only of pre- 
liminary character. 

^ set forth in the previous publications (2, 3), the only requisites for 
the application of the method are, first, that the substance must have such 
solubility relationships that it can be distributed between tw"o immiscible 
liquids (or a liquid-solid system (4)) in equilibrium so that the effective 
partition coefficient is not too far removed from one, and, second, that a 
method of quantitative estimation, biological or chemical, must be avail- 
able. Little difficulty was experienced in the present case of satisfying 
these requisites. 

In the beginning, the amount of substance present w'as estimated by 
its antibiotic acthity, but this was soon replaced for the more quantitative 
w’ork by an extinction coefficient obtained with the Beckman ultrariolet 
quartz spectrograph at a favorable w’ave-length. The latter method of 
analysis w’as possible when a -correlation between absorption spectrum and 
antibiotic activity had been established through the data obtained in a 
preliminary distribution. Cyclohexane and buffer were the two immisci- 
ble phases yvhich gave a partition coefficient within a suitable range. 
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DISTRIBUTION STUDIES. VI 


The mold^ was cultured at 27-28° on sliallow layers (al)out 200 ml.) of 
Czapex-Dox medium containing 4 per cent glucose and 0.1 per cent Bacto 
yeast extract. Between the Tlth and IGth days after inoculation, each 
culture, including both the mold and the medium, was extracted twice 
with 2 volumes of ether, and the ether was removed by distillation in vacuo 
at room temperature. Approximately 1 50 mg, of yellow, gummy residue 
were obtained from each culture. The ether residue was dissolved in 
phosphate buffer in the range of pH 11, Acidification of this alkaline so- 
lution jdelded a light yellow fiocculcnt precipitate which was washed with 
water and dried in vacuo. The antibiotic activity of this crude residue, 
the acid precipitate and tlie fractions isolated from it by the counter- 
current distribution method, was estimated by the use of ]\fi/cobacierinm 
ranae,- which was cultured at 38° in a thin film on 15 ml. of Long’s liquid 
medium in small Blake bottles. This organism was found to be useful in 
preliminaiy tests because its rajiid rate of growth jiermittcd a result to 
be read in 24 hours. 

The ether residue caused complete inhibition of the growth of Myco- 
hacierhim ranac at a dilution of 1 : 150,000 and perceptible inhibition at 
1:750,000. Tests of the activity of the acid precipitate showed complete 
inhibition at a dilution of 1 : 300,000 and perceptible inhibition at 1 : 1 ,500,000. 
The filtrate remaining after separation of the acid precipitate contained 
no growth-inhibiting substances^ 

The acid precipitate was rcadil}^ soluble in 0.1 N NaOII, ethanol, acetone 
ether, and benzol, somewhat less soluble in c^'clohexane, and practically 
insoluble in water and 0.1 N HCl at room temperature. The material was 
rendered largely inactive by heating for 10 minutes at 100° in 0.1 n NaOH. 
The absorption curve of the material (0.40 mg. per ml. of ethanol) showed 
no definite bands but did show a plateau between 2500 and 2700 A with an 
extinction of 9.5. Preliminaiy tests showed that a distribution coefficient 
of 1, as determined by direct analysis at 2600 A, could be obtained when 
the acid precipitate was distributed between C 3 Tlohexane and 0.2 m 
Na 4 P 207 buffer containing 0.25 equivalent of H 2 SO 4 (pH 8.31). An eight 
plate counter-current distribution analysis (3) with 9.6 mg. of acid pre- 
cipitate and the above two phases demonstrated that the antibiotic 
activity closely followed the extinction observed at 2600 A in each of the 
cyclohexane layers and further indicated that there were at least two 
biologically active substances in the starting matenal. 

A more detailed study of the acid precipitate was then carried out as 

1 The strain of Aspergillus ustus isolated by Mr. Kurung of the New York State 
Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, New York, was kindly 
provided by him for the present experiments. 

2 American Type Culture Collection, No. 110. 
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follows: 50 rag. of the material, distributed between 8.0 ml. of cyclohexane 
and 8.0 ml. of the pjTophosphate buffer, were subjected to a twenty-four 
plate run in a machine similar to that described hy Craig (2). After 
completion of the run, the material dissolved in the buffer of each tube was 
tran^erred to the cj'clohexane layer b 3 " acidification and shaking. The 
amount of material in each tube was then estimated spectroscopicallj' at 
2600 A, the solution evaporated to diymess, and the residue tested for 
antibiotic actmty. The results of this experiment are shown graphically 



Fig. 1. Distribution of acid precipitate. # = experimental values; O = calcu- 
lated distribution for partition coefficient of 0.5S; □ = calculated distribution foe 
partition coefficient of 7.6; -b and — refer to biological acthity at equal dilution, 
(++++) indicates complete inhibition of growth. 

in Fig. 1. In this curve the extinction, a figure direct^' proportional to 
the weight or amount, is plotted against the consecutive number of the 
tube. As can be seen, the antibiotic actmty coincided with the two peaks 
obtained hy spectroscopic estimation. ^loreover, the shape of the first 
band (Tubes 4 to 14) and its close agreement with that of the theoretical 
distribution of a pure substance with the same partition coefficient indi- 
cated the presence of a homogeneous compound. A ciystalline residue 
w’as present in the tubes of this band after removal of the cyclohexane. 
Wffien recrj'stalUzed from an ether-cyclohexane mixture and dried, this 
substance (Compound I) appeared in hea'VT square plates and melted at 



366 


DISTRIBUTION STUDIES. VI 


185-187° (hot stage). The melting point did not change on rccrystal- 
lization. On analysis, it was found not to contain N, S, or OCH3 (C 53,37, 
H 3.64).^ An approximate molecular weight of 350 was obtained by the 
Hast method in camphor, but this value must be taken Avith reservation, 
particularly because of the numerous oxygens as indicated from the carbon 
and hydrogen analysis. The substance Avas found to be an acid and gave 
a neutralization equivalent approximating 250 by direct titration in dilute 
alcohol against phenolphthalein Avith 0.1 n NaOH. The absorption 
spectrum Avas characteristic A\dth a maximum at 3260 A and seemed to 
indicate an aromatic nucleus. The cr^^stals shoAA^ed approximately the 
same degree of antibiotic activity as did tlie acid precipitate, causing com- 
plete inhibition of the groAAdih of Mycohaclcrixim ranac at a dilution of 
1 : 300,000 and perceptible inhibition at 1 : 1 ,500,000. The small amount of 
oily residue obtained from the mother liquor after recrystallization of 
Compound I AA^as less than one-fourth as actiA^e as the pure substance. 

The asymmetrical appearance and Avidth of the second band in Fig. 1 
(Tubes 16 to 24), when compared AAuth the theoretical, indicated that more 
than one substance Avas present. MoreoA^'er, attempts to obtain crystalline 
material from these tubes AAuthout further distribution Avere unsuccessful, 
except in the case of Tube 18, Avhich jdelded approximately 0.5 mg. of 
crystals melting at 212-215°. The fact that the components of this band 
Avere caused to migrate slightly by tlie buffer but, in general, tended to 
remain in the cyclohexane layer, made it probable that a separation Avould 
be effected by a more alkaline buffer. Accordingb'', further study of this 
mixture and, simultaneously, the isolation of the larger amount of Com- 
pound I AA'ere accomplished as folloAvs : First, a tAA^elve plate counter-current 
distribution was carried out Avith 160 mg. of acid precipitate, 30 ml. of 
cyclohexane, and 30 ml. of pyrophosphate buffer, pH 8.31. This run 
Avas made with separatory funnels (3). A total of 50 mg. of pure Com- 
pound I Avas isolated from the tubes Avhich formed the symmetrical band. 
The remaining biologically active material, which migrated only slightl}’^ 
Avith the buffer and Avhich corresponded to the as 3 Tnmetrical band of Fig. 
1, Avas collected. This latter material Avas then subjected to a machine run 
of tAA^enty-four plates, utilizing the phases cyclohexane and 0.2 Ri 
buffer at a pH of 8.66. The results of this analysis are shoAvn in Fig. 2. 
12 mg. of a crystalline substance, appearing in rosettes of fine needles, 
melting at 214-216°, and very similar to Compound I in solubility charac- 
teristics, Avere isolated from Tubes 10 to 19 of the symmetrical band (C 
58.02, H 4. 19) .3 The molecular Aveight obtained by the East method in 

2 Since this paper was sent to press, surprising chlorine analyses of 22.63 and 
16.84 for Compounds I and II, respectively, have been obtained. Formulations of 
C 21 H 17 CI 3 O 8 and CsiHiaCIsOe are thus suggested. 
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camphor approximated 330. A type of absorption spectrum similar to 
that of Compoimd I was found. 

The second pure substance, Compound II, completely inhibited the 
growth of Mycobacterium ranae at a dilution of 1 ; 100,000 and caused per- 
ceptible inhibition at 1:6,000,000. It thus appeared to be somewhat less 
active than the acid precipitate in inducing complete inhibition of growth, 



Tube number* 

Fig. 2. Distribution of material corresponding to that present in Tubes 16 to 24 
of Fig. 1. 


but apparently caused slight but perceptible inhibition at dilutions beyond 
the activity range of the acid precipitate. 

Tubes 22, 23, and 24 (Fig. 2) contained material only partiaUj' crv’stal- 
line but possessing a considerable amount of antibiotic activity-, a finding 
which demonstrated that in addition to Compounds I and II the original 
acid precipitate contained at least one other active substance. The 
results of a study of the third fraction and the further characterization of 
Compounds I and It, particularly in regard to their toxicity and effect on 
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Mycohaclcrixnn tuberculosis and otlicr organisms, Mill be reported in the 
near future. 

The present experiments iluis demonstrate the practical value of 
counter-current distribution in this oi’ any .similar study to M’hich the 
principle may be ai)plicd. Peiiiaps the most important advantages of 
the method are the folloM’ing and arc M'orth repeating here (2, 5, G). (1) 
In empiiical M'ork, tlic method quickly gives a general analysis of the prob- 
lem. This includes an estimate of the number of active principles or 
.substances, their relative amounts, their ditTcrcnces in terms of partition 
coefficients, and the advisal)ility of proceeding further along the same line. 
This information alloM^s one to move logicall}’' from one step to the next 
Mdth little M'aste of time or effort. (2) The method often effects .sharp 
separation, usually in excellent yield of substances Mdiich arc vciy similar 
in properties and otherwise difficult to separate. (3) It docs not involve 
drastic chemical procedures M’liich M'ould be liable to result in the decom- 
position of labile material. In the present study the material M'as never 
subjected to a temperature Iiighcr than 40^. (4) It minimizes the chances 

of losing an important .substance Mdiiclr is present in very small amount. 
(5) The sjnnmetry or shape of an observed band provides criteria of homo- 
geneity at the same time the fractionation is made. (G) The partition 
coefficients offer phj^sical constants at once useful for identification and 
characterization . 

It is our intention to apply the method of counter-current distribution 
to the isolation of other active principles of biological interest as op- 
portunity presents itself. We also arc further developing the theory and 
M'ill attempt to devise practical improvements in the technique as ^vell. 

SUMMAKY 

1. Tm’o crystalline antibiotics and a third partially crystalline active 
fraction have been isolated by means of “counter-current distribution” 
from a crude extract of the mold, Aspergillus xistiis. 

2. The comparative case with. M'hich the fractionation M'as made demon- 
strates the usefulness of counter-current distribution in the examination of 
crude mixtures and for the final isolation and characterization of the 
substances or active principles present. 
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THE EFFECT OF CERTAIN EXPERIiMENTAL CONDITIONS ON 
THE FORI^IATION OF THYROXINE FROM DIIODOTYROSINE^ 

Bt E. P. REIXEKE and C. W, TURXER 
{From the Department of Dairy Husbandry ^ University of Missouri ^ Columbia) 

(Received for publication, Xovember 16, 1045) 

The formation of thyroxine from diiodotyrosine Avhen incubated for 2 
weeks in a mildly alkaline solution at 37® was first reported by von ^lutzen- 
becher (1). Subsequent investigators (2-^), using essentially the same 
method of incubation, obtained veiy similar results. Harington (5) stated 
that increased jields of thjTOxine could be obtained at steam bath tempera- 
tures by the addition of hydrogen peroxide and constant shaking with 
7i-butanoI to extract the thjToxine as it is formed. 

In pre\ious reports from our laboratory, it has been shoxMi that when 
sufficient iodine is combined with a protein to substitute 2 atoms per 
molecule of tjTOsine (5) the amount of thjTOxine formed can be influenced 
by the temperatui-e of incubation (6, 7), the amount of agitation, and the 
presence of a catalj'st (8). It seemed of interest, therefore, to determine 
whether the conditions established for the maximum formation of thj’roxine 
in iodinated proteins would be operative when applied to diiodotjTosine. 

IIXPEULMEXTAL 

In most of tlie experiments, 21.6 gm. (0.05 m) of diiodotyrosine^ w'ere dis- 
solved in 700 ml. of alkaline solution and incubated for 18 to 20 hours at the 
selected temperature. The solutions w'ere stirred continuously b 3 ^ means of 
stirring motors adjusted to approximate^’' 600 n.p.xi. 

Thyroxine holation Procedure — The thyroxine was isolated bj" a pro- 
cedure similar to that described by von jMutzenbecher (1). In the earlier 
trials the reaction solution was diluted with 6 volumes of distilled w'ater. 
Dilute sulfuric acid w’as added until the reaction became faintly acid to 
Congo red (pH 5.0), and the dark, floccuicnt precipitate was collected b\’ 
centrifuging at once. A part of the unaltered cliiodot>’Tosine usually' crys- 
tallized out of the supernatant solution after standing for a few' hours. In 
some of the later experiments, in w'hich it was desired to recover the un- 
changed diiodotjTosine as completely as possible, the acid-insoluble material 

• Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 9S7. 

* We are indebted to Albert L. Elder, Director of Research, Com Products ReBning 
Company, Argo, RUnois, for generously supplying the diiodolj’Tosine used in this 
investigation. 
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was precipitated by adding dilutee liydrochloric acid directly to the un- 
diluted reaction mixture in an amount sufficient to rcdissolve the diiodo- 
tyrosine that crystallized at about pH 5.0. The acid-insoluble substance 
still remained precipitated and could be recovered by centrifuging. The 
diiodotyrosine was recovered from the supernatant solution by first adding 
sufficient saturated sodium hydroxide to make it slightly alkaline, and then 
acidifying vith glacial acetic acid, whereupon the diiodotyrosine crystallized 
at once. 

In either case, the acid-insoluble precipitate was dissolved in 300 ml, of 
0.1 N sodium hydroxide solution, and then sufficient dilute hydrochloric 
acid was added to produce a definitely yellow color when the solution was 
tested with bromocresol green indicator. 

The thyroxine was extracted hy shaldng the acidified solution in turn 
with 300 ml. and 150 ml. of n-butanol, and separating each time in a sepa- 
ratory funnel. The n-butanol extract was then shaken successively with 
450, 225, and 100 ml. of 2 n sodium hydroxide solution to remove alkali- 
soluble impurities. The n-butanol extract was filtered, and the solvent was 
removed by vacuum distillation. 

The residue remaining after removal of the n-butanol was dissolved in 
100 ml. of 0.1 N sodium hydroxide. Then dilute acetic acid was added 
until a flocculent, light yellow precipitate formed. The precipitate was 
washed several times with 5 per cent acetic acid solution, and finally dis- 
solved in a minimum of boiling sodium carbonate solution. A hea^y white 
precipitate of the monosodium salt of thyroxine usually appeared immedi- 
ately when the solution was cooled. 

The solution was left in the refrigerator overnight, and then the mono- 
sodium thyroxine was recovered by centrifuging, dissolved in 70 per cent 
alkaline alcohol, and centrifuged again to remove the trace of undissolved 
material. When a few drops of glacial acetic acid were added to the boiling 
solution, thyroxine crystallized at once in the typical bundles of micro- 
scopic needles. 

Factors Affecting Thyroxine Formation — In preliminary experiments con- 
ducted to establish, roughly, the most desirable medium for the conversion 
of diiodotyrosine to thyroxine, the results obtained writh 1.0 n sodiiun hy- 
droxide, 0.116 N sodium hydroxide, and 7 per cent sodium bicarbonate were 
compared. In all cases, 21.6 gm. of diiodotyrosine were dissolved in 700 
ml. of solution and incubated at 70°, \vilh vigorous stirring, for 20 hours. 
Under these conditions diiodotyrosine was highly stable in 1.0 N sodium hy- 
droxide, only traces of acid-insoluble material being formed. Crystalline 
thyroxdne was recovered after incubation in both the 7 per cent sodium bi- 
carbonate and 0.116 n sodium hydroxide solutions. Considerably more 
oxidative side reactions appeared to occur in the sodium bicarbonate than in 
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the sodium hydroxide medivim, bince the acid-insoluble ]n*ecipitate obtained 
was darker, and a smaller \deld of thjToxine was obta’ncd. Therefore, all 
of the subsequent preparations were incubated in 0.11 G N sodium h\"ckoxide 
solution. Under the conditions used the solutions remained at a pH of 
approximately 9.4 to 9.6 throughout the process. 

Effect of Catalyst and Incubation Temper aluro—Yrom our pre\'ious results 
\yith iodinated proteins (7, 8), it was expected that the incubation temper- 
ature would have an influence on the amount of thyroxine formed under the 
given conditions. It also seemed of interest to determine whether manga- 



Fic. 1. Gross yield of thyroxine isolated after incubation of diiodo tyrosine at 
various temperatures. 

nese oxide (MnjOd would exert the same catalytic effect with diiodot 3 '- 
rosine as was observ^ed ^vith iodinated casein (9). 

In order to ans^ver these questions, diiodotyrosine solutions were in- 
cubated at various temperatures in the range of 4(K94°, and subjected 
to the isolation procedure described. At each temperature interval one 
sample was incubated in 0.116 K sodium hydroxide alone; to a second sam- 
ple, otherwise treated identically with the first, 2 gm. of manganese oxide 
were added. 

At 40® (Fig. 1), onl 3 ’’ a trace of th 3 TOxine was formed, amounting to gross 
3lelds of 0.03 and 0.04 per cent. With both t 3 i>es of treatment, th 3 To:dne 
formation increased rapidly with increasing temperature imtil the optimum 



372 


THYROXINE AND DIIODOTVROSINE 


of G()° was reached. There was a decline in the amount of tliyroxiiie re- 
covered at 70®, willi zero recovery at 91®. 'J'hroughout the cfTcctivo 
temperature range there was an inci’cased i*ecovcry of thyroxine from the 
samples incubated in the jwcsence of manganese oxide, confirming the re- 
sults obtained previously with iodinated casein (9). 

In solutions incubated at 94® large amounts of dark colored acid-insoluble 
material were fonned, despite the fact that no thyroxine could be recovered. 
This suggested the possibility that th^u’oxinc fonned early in the process 
might have been altered hy further oxidation, and it seemed possible that if 
this were true tlic thyroxine could be in'olccted by conducting the process 
in the presence of 7i-butanol (5, 10). No thyroxine could be recovered, 
however, from solutions incubated at 94® with an equal volume of 7i-bntanol 
added. 


Taijm; I 


Effect of Stirring ajid Aeration on Formation of Thyroxine from Diiodotyrosine 


Incubation tempera- 
ture 

Thyroxine yield 

Treatment 


Per cent 



0.04 

Mn 504 , 2 grn.; stirred at GOO k.p.m. 

40 

0.04 

‘‘ 2 aerated vigorously 

60 

0.38 

** 2 “ stirred at 600 r.p.m. 

60 

0.3G 

2 “ aerated vigorously 

60 

0.85 

2 “ stirred at GOO r.p.m. 

60 

0.52 

No catal 3 "st; ** ** GOO “ 

60 

0,02 1 

AIn 304 , 2 gm.; no stirring or aeration 

70 

0.27 

No catal^'st; stirred at COO r.p.m. 

70 

0.01 1 

** no stirring or aeration 


The maximum yield of thyroxine obtained at the optimum incubation 
temperature of 60® Avas 183 mg., equivalent to a gross ^ield of 0.85 per cent. 
However, of the diiodotyrosine initiall}’’ taken all but 6.5 gm., on the aver- 
age, can be recovered after separating the th 3 Toxine. Based on this figure, 
the net yield of thyroxine is 2.8 per cent. 

In addition to the points illustrated in Fig. 1, the incubation system em- 
ployed provided an opportunity to study the effect of such factors as the 
amount of stirring and aeration on the process of th 3 Toxine formation. 
Some preparations were aerated continuously during incubation by bub- 
bling finely dispersed air through them. Both the stirring and aeration 
were omitted in others, although the surface of the solutions was still in con- 
tact with the atmosphere. 

With other conditions being held constant, practically identical yields 
of thyroxine were obtained whether the solutions were stirred vigorously or 
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aerated (Table I). With the stirring and aeration omitted, only traces of 
th 3 rroxine were recovered. This was true even when the usual amount of 
catalyst was added. Thus it is eridcnt that the formation of thyroxine can 
be brought about b}' atmospheric oxygen. Manganese oxides will catalv'ze 
this reaction, but are ineffective in the absence of oxj'gen. 

Identity of Thyroxine Obtained — total of 2.012 gra. of thjToxine obtained 
in these experiments was pooled and reciystallized twice from sodium 
carbonate solution. The pure white monosodium salt was then dissolved 
in 70 per cent alkaline alcohol, and free thjToxine was crystallized from the 
boiling solution by the addition of acetic acid. Thyroxine appeared at 
once as the typical bundles of microscopic needles, in a yield of 1.416 gm. 
The melting point, when heated at the rate of 3° per minute, was 230-231®. 
Analysis showed C5.2 per cent iodine, compared to the theoretical of 65.4 
per cent. 

Harington (5) stated that the thjTOxine formed from natural tyrosine in 
the presence of n-butanol was levorotatorj'. Polariscopic examination 
showed the thjToxine obtained in the present instance to be a racemic 
mixture, even though optically active diiodotjTosine was used as starting 
material. Racemization apparently had taken place during the incubation 
in alkaline solution at an elevated temperature. 

DISCUSSION 

It is of considerable interest to note the similarity between the conditions 
required for the maximum conversion of diiodotjTOsine to thjToxine, 
whether it is combined in an iodinated protein or in the free state. 

In a previous report (7), it was shown that a pronounced increase in the 
th}Toidal actirity of iodinated protein is obtained by incubation at 60-70°. 
The present investigation shows that a definite' temperature optimum for 
the formation of thyroxine from diiodotyrosine occurs at 60°. Incubation 
at 40°, the temperature commonly employed (1^), jdelds only a trace of 
thyroxine in a 20 hour period. 

Likewise, this reaction is catalyzed by manganese oxide in iodinated 
proteins (9) and in diiodotj’xosine, as shown in the present report. 

It was reported by BarkdoU and Ross (4) that diiodotyrosine incubated in 
an oxj’gen-free atmosphere does not form thyroxine. Converseh’, the jdeld 
of thyroxine was increased b^' bubbling a slow stream of air through the 
solution. The importance of atmospheric oxygen is also erident from the 
present work, since only traces of thyroxine are formed unless air is in- 
corpomted in the solution, cither by stirring or direct aeration. This is 
true even at the optimum temperature and in the presence of a catah’st. 

Von ^lutzonbcchcr (1) originally suggested that the formation of thy- 
roxine in iodinated proteins could 1)0 brought about by the oxidative cou- 
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pling of 2 molecules of diiodotyrosine, with the elimination of one side chain. 
A detailed mechanism for this reaction was worked out by Johnson and 
Tewkesbury (3), and elaborated further by Harington (5). It was sug- 
gested by all of these workers that the oxidation is brought about by the 
action of hypoiodite. If this were the case, how'cvcr, thyroxine formation 
should continue even in the absence of additional oxygen. From the results 
presented in Table I it is obvious that, under the conditions used, aeration 
of the solutions is essential for the formation of appreciable amounts of 
thyroxine. 

From the fact that manganese w'ill catalyze thyroxine formation only in 
the presence of oxygen it appears to act as an oxygen carrier for the oxida- 
tive coupling reaction that is apparently involved. 

As pointed out previously (9), demonstration of the catalysis of thyroxine 
formation by manganese in viiro^ together with the special capacity of the 
thyroid for the storage of manganese, suggests the probability that this 
element also plays a part in promoting the S 3 mthcsis of thyroxine in the 
thyroid gland. 

SUAIMAUY 

Diiodotyrosine dissolved in 0.116 N sodium hj^droxide (pH 9.4 to 9.6) was 
incubated with vigorous stirring for 18 to 20 horn's under various conditions, 
and the amount of thyroxine foimcd was determined by isolation as the 
crystalline product. 

It Avas found that a definite temperature optimum for the formation of 
thyroxine under these conditions occurs at 60°. 

Thyroxine formation during the incubation is greatly accelerated by 
atmospheric oxygen, whether incorporated by stirring or by direct aeration. 

Only traces of thyroxine "are foimed in solutions that are neither stirred 
nor aerated. Manganese oxide W'as showii to catal 3 '’ze the reaction in the 
presence of atmospheric oxygen. 

With all of the knoAvn conditions at the optimum, a ^deld of thyroxine 
equivalent to 0.85 per cent of the diiodotyrosine taken initially Avas ob- 
tained. If allowance is made for the recovery of unaltered diiodotjTOsine, 
this is equivalent to a net yield of 2.8 per cent. The identity of the thy- 
roxine Avas verified by its iodine content of 65.2 per cent and melting 'point 
of 230-231^. The thyroxine Avas optically inactive, apparently because of 
racemization under the conditions of incubation employed. 

The authors are indebted to Miss Phyllis Morgan for technical assist- 
ance AAuth the experiments reported herein. 
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STUDIES IN CARBOHYDRATE METABOLISM 
VI. EFFECTS OF HYPO- AND HYTERINSULINISM IN RABBITS* 

By DeWITT STETTEN, Jr., .\nd BABETTE V. KLEIN 

{From the Department oj Biochemistry y College of Physicians and Surgeons, Columbia 
University j iYeir York) 

(Received for publication, December 19, 1945} 

In previous studies of rats rendered diabetic \dth alloxan (1, 2) e^'idence 
was presented for the impairment of utilization of glucose in these animals, 
not only in the process of glycogenosis but also in lipogenesis. TVhereas the 
finding of stably bound deuterium in glycogen of both liver and muscle, 
when the body fluid w^as enriched with D;0, proved that gl^’cogenesis had 
not ceased, the data indicated that the glycogen that was formed arose 
predominantly from small fragments, such as lactate, rather than from 
hexose directly. The fatty acids isolated from the liver fat of these animals 
were extraordinarily low in deuterium concentration, showing that the 
normally important route of glucose utilization, hepatic lipogenesis, had 
almost come to a standstill. It could be estimated that the diabetic rats 
formed new molecules of fattj" acid at a rate approximateh' 5 per cent of 
normal. 

These findings led to an attempt to determine whether the converse 
effect, abnormall}” large utilization of glucose in these processes, occurs 
when insulin is injected into otherwise normal animals. This question w’as 
partially answered when it w'as shown that in the normal rat treated with 
insulin and deuteriiun oxide the bulk of the glj’cogen deposited in the muscle 
arose directly from hexose. The glycogen isolated from this source, though 
greatl}" increased in quantity, was poor in isotope, a finding which demon- 
strated that the dietarj" glucose w’as incorpoi-atcd into gtycogen fairty di- 
lectty. It was pointed out (2) that an increase in the rate of lipogenesis in 
the liver might or might not result in an increase in the quantity of liver fat, 
depending upon the integrity of the fat transport systems, but that, ’with 
the body fluids enriched with hea^’y w'ater, it would necessarity result in a 
rise in the deuterium concentration of the liver fatty acids. Such an in- 
crease w'e have failed to demonstrate in the rat to date. 

An objection to the use of rats in this tj^pe of experiment is that the rat, 
when fed ad libitinn, is remarkabty resistant to insulin shock. We have 
given as much as 60 units of insulin per day to a rat without inducing s>Tnp- 
toras of shock. Because of this peculiarity of the rat, we have elected to 

• This work was carried out with the aid of grants from the Josiah Macy, Jr., 
Foundation and the Nutrition Foundation, Inc, 
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‘ use rabbits in the experiments to be described. At least in this regard, the 
response of the rabbit is more like that of the human. 

The D 2 O concentration of the body fluids Avas raised and maintained at a 
suitable concentration (3) for a period of 48 houm. During this period the 
rabbits were fed ad lihitxim a high carbohydrate, low fat ration. Fatty 
acids from liver and depot, and gb^cogen from liver and muscle, were iso- 
lated and their deuterium content compared Avith that of the body Avater 
(Table I). By this procedure four rabbits have been studied, two pre- 
Adously rendered diabetic by the intravenous injection of alloxan, one nor- 
mal, and one normal rabbit that Avas given hypodermically each day slightly 
less than the shock-producing dose of zinc protamine insulin. 

Table I 

Deuleriinn Concentrations in Fatly Acids and Glycogen from Rahhils 
Weights of liver constituents are reported as per cent of the wet liver weight, 
weights of carcass constituents as per cent of body w'eight. Deuterium concentra- 
tions are reported (a) as atom per cent excess, determined analytically, and ( 6 ) as 
per cent of the deuterium concentration in the body water of the corresponding 
animal. 


Rabbits 


Liver fatty 
acids 

Carcass fatly 
acids 

Liver gb'cogcn 

Carcass 

glycogen 

D ia) 

AVeight 

3! 

n 

*0 

Q 

.2? 

V 

2 

n 

P 

JZ 

u 

0 

S' 

p 

AVeight 

s 

p 

.0 

P 

Diabetic, No. 1 

1.23 

1.8 


2.7 

1.8 

211 

1.2 


HjR S 

5.5 


0.055 

4,5 

(1 ti 2 

1.18 

4.5 


1.4 

1.0 

Xii 

1.1 



5.7 


0.038 

3.2 

Normal 

1.12 

1.9 

QR 1 

6.6 

m 

0.009 


2.9 


28.6 

0.1 

0.052 


** -f insulin 


1.9 


26.1 

i 



5.9 

iS 

8.6 

0.2 

0.048 

3.7 


In the selection of rabbits suitable for the administration of alloxan, it Avas 
found necessary to eliminate those suffering from coccidiosis. Rabbits 
suffering from this disease, Avhen giA^en alloxan, go into a rapid decline, 
Avith marked anorexia and cachexia, leading to death in about 2 Aveeks. 
Rabbits AAdth stool smears negative for coccidia AA’ere found to tolerate 
alloxan Avell. 

Of the tAvo animals selected for the isotope experiments, the second aa'BS 
more se\’erely diabetic than the first, as judged by the glucosuria. Hoav- 
ever, except for the mild fatty liver exhibited b}^ the second rabbit, the tAA'o 
animals yielded similar analytical results. Precisely as previously reported 
in rats (1, 2), in diabetic rabbits the depot fat is diminished in quantity and 
the liA^er fatty acids are markedly poorer in deuterium than in the normal 
animal. This Ave belieA^e to reflect a definite retardation in hepatic lipo- 
genesls, a failure on the part of the diabetic animal to utilize glucose ade- 
quately for the s3mthasis of fatty acids. 
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The diabetic rabbits had subnormal quantities of glycogen in their livers. 
In contrast to the finding in the diabetic rat (I), this gli'cogen was notably 
poor in isotope. The probable meaning of this finding is that these rabbits 
formed but little glycogen from an}" precursor whatever, whereas the rat 
suffering from diabetes apparently continues to form glycogen from small 
fragments, even though it is incapable of directly utilizing hevose for this 
process at a normal rate. 

WTien insulin was administered to a normal rabbit, the quantity of gh"- 
cogen both in the liver and in the carcass increased. The deuterium con- 
centration of this glycogen, however, was quite low, indicating that the 
extra glycogen formed in response to the administered insulin iras made by 
a process that did not involve uptake of much hydrogen from the body 
water. For reasons pre\’iousIy outlined (4), we believe that this process is 
one which more or less directly utilizes the he.vose of the diet, since glycogen 
formed from smaller fragments such as lactate is necessarily rich in isotope, 
under these experimental conditions. We have preriousl}" reported that in 
the rat receiving insulin the extra muscle glycogen that is deposited is 
likewise formed more or less directl}' from hexose (2). 

The most striking finding in the rabbit that had been treated with insulin 
was the tremendous rise above normal in the deuterium concentration of 
the liver fatty acids. About 4 times as much deuterium had found its way 
into the fatty acids of the liver fat in 2 days in this animal as in the normal, 
untreated animal. This must mean that, as a result of the injection of 
insulin, the rate of hepatic lipogenesis had increased, probably at least 4- 
fold. The fact that no fatty liver developed simply means that the newly 
formed fat was being carried away from the liver efficiently, and the likeli- 
hood that some of it was transported to the depot is suggested by the appar- 
ent increase in both quantity and deuterium concentration of the carcass 
fatty acids. 

Thsse findings taken together warrant the conclusion that animals suf- 
fering from hypoinsulinism make fatt}" acids from carbohydrate precunsors 
axcessivel}" slowly, Avhilc the administration of ex*tra insulin results in ex- 
cessively rapid hepatic lipogenesis. The}’ should not be construed, how- 
ever, to mean that insulin necessarily plays some specific role in lipogenesis. 
Rather it appears probable that the insulin level affects the rate of utiliza- 
tion of glucose in all of its manifestations and that lipogenesis i« simply one 
of the several processes in which j>rodurt.s deiived from glucose are utilized. 
It seems likely that the interesting finding recently reported by Price, Cori, 
and Colovick (5) vill aid in the interpretation of the present results. 

The impairment of the diabetic rat's ability to form new fatty acids is 
probably related to Ihe finding that such animals will, if offei*ed the option, 
elect to cat a diet rich in fat and poor in carbohydrate (0) and, if allowed to 
do so, will thrive on such a diet (7). It b; also possilfic that our finding that 
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the administration of insulin favors lipogcnesis and subsequent deposition 
of the newly synthesized fat is related to the clinical use of insulin to stim- 
ulate gain in weight in underweight individuals (8). 

The glucose appearing in the urine of the diabetic rabbits contained 
deuterium. The analogous finding with diabetic rats has been discussed in 
a previous communication (1,2) at which time we gave our reasons for the 
belief that the appearance of isotope in urinary glucose represented synthe- 
sis of glucose from smaller fragments. In Table II are given the values of 
the deuterium concentrations in the daily urine glucose samples obtained 
from Diabetic Rabbit 2, and also values, calculated therefrom, for the per 
cent of the urinary glucose that was synthesized in vivo. It should be 
pointed out that in this calculation the simplifying though unproved as- 

Tablb II 

Dcuicrium Conccniralion in Urinary Glucose 
Glucose has been isolated as the pcntaacctatc from each day's urine of Diabetic 
Rabbit 2, and its deuterium concentration compared with that of the simultaneously 
excreted w^ater. 


Time 

Urine water 

Urine glucose 

Glucose synthesized 


AVcight 

D 



{a) 


ib) 

ur 

hrs. 

atom per cent D 

gtn. 

atom per cent 

per cent 

0-24 

1.05 

52.2 

0.264 

43 

24-48 

1.09 

54.0 

0.304 

48 


^ 100 X 12 X h 

^ “ la 


sumption is made that the glucose of the urine is composed of two species, 
one of which is derived from the diet and devoid of stabl}’’ bound isotope, 
and the other so synthesized in the animal that its carbon-bound h3^drogen 
is at the same isotopic level as the hydrogen of the body water. 

Granted this assumption, it would appear as though almost half of the 
urinary glucose was synthesized in vivo and about half was derived directly 
from the diet. The explanation provisionally offered to account for this 
finding is that the diabetic rabbit daily generated from small fragments a 
quantity of glucose almost as large as that ingested, mixed the two species 
of glucose, and excreted a portion of the resultant mixture in the urine. As 
the rabbit derived approximately 100 gm. of glucose from the diet dailjs the 
quantity synthesized daily may be estimated as lying in this neighborhood. 
The proportion of synthesized to ingested glucose in the rabbit is somewhat 
larger than the corresponding value similarly estimated for rats, in Avhich it 
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appeared that from one*third to one-half as much glucose^ was s^mthesized 
each day as was eaten. 


EXPERIMENl'AL 

Young female rabbits weighing between 1.8 and 2.4 kilos were kept in 
individual metabolism cages and offered food and water ad libitum. Rock- 
land rabbit ration, stated to contain 61.66 per cent of carbohj^drate and 
2.65 per cent of fat, was used throughout. 

Diabetes was induced by the intravenous injection of alloxan mono- 
hydrate, 150 to 200 mg. per kilo of body weight, in a single dose. To con- 
trol the initial hj’poglycemia, for a period of 24 hours following injection 
the drinking water was replaced by 5 per cent glucose solution. Because 
of several fatalities about 2 weeks after such treatment, in which the cause 
of death was as.signed to dissemination of coccidiosis throughout the liver,” 
only rabbits which had negative stool smears were employed. 

Diabetic Rabbit 1 was obser\'ed for a period of 1 month after administra- 
tion of alloxan. At first, an occasional trace of acetone was found in the 
urine, later, none. 30 to 40 gm, of glucose were excreted daily in a urine 
volume of 600 to 700 cc. The food consumption averaged 175 to 225 gm. 
daily, and there was no marked weight loss. 

Diabetic Rabbit 2 never exhibited ketonuria. During the week of pre- 
liminary" observ’ation it lost about 10 per cent of body weight, while con- 
suming about 150 to 200 gm. of food daily. The daily urine volumes 
were 500 to 600 cc. and contained 36 to 54 gm. of glucose. 

Fatal hy^poglyxemia was produced in a rabbit bj^ the subcutaneous in- 
jection of G units of zinc protamine insulin. The rabbit employed in the 
isotope experiment was therefore given 4 units on the 1st day and 5 units 
on the 2nd day of the experiments. Doubtless because of the continuous 
accessibility of food supplies, this rabbit did not develop any marked hy^po- 
glycemia that was detected. 

Enricliment of the body fluids uith respect to D^O was accomplished by" 
the intravenous injection of 99.5 per cent DaO, containing 0.9 per cent of 
NaCi, 1 cc. per 100 gm. of body weight. Simultaneously" the drinking water 
was replaced by diluted D;0, the concentration varying from animal to 
animal between 1.56 and 1.70 per cent, os estimated from preliminary" 
obsen-ations of water and food consumption. 

The rabbits were killed by the intravenous injection of air, the bodies 
eviscerated, and the carcasses rapidly' dismembered and submerged in 

* These values were erroneously reported as lying between one-fourth and one- 
third in the previous paper (2). 

* The authors are indebted to Dr. H. P. Smith and Dr. H. X. Eisner of the Depart- 
ment of Pathology, Columbia University, for the establishment of this diagnosis. 
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boiling 30 ])cr cent KOH. The livers were also digested with hot alkali. 
The gastrointestinal tracts were discarded and samples of body water were 
distilled from the pooled remaining organs. Isolation and analytical 
procedures were the same as those previously described (9). 

Samples of urine were distilled to obtain urine water. The remainder of 
the urine from the diabetic animals Avas treated Avith acetic anhydride and 
sodium acetate, as previously described (1); and glucose pentaacetate 
ultimately isolated, purified by recrystallization from hot water, and ana- 
lyzed for deuterium. 


SUMMARY 

In the alloxan-diabetic rabbit, as previously shoAvn to be true for the 
alloxan-diabetic rat, the rate of lipogenesis is well below normal. This is 
interpreted as a specific example of the more general impairment of glucose 
utilization in this condition. 

The glycogen deposited in muscle and in liver in the rabbit in response 
to insulin lias been shown to arise chicfl}" by fairly direct processes from 
dietary glucose. 

When insulin is administered to a normal rabbit, a large increase in the 
rate of hepatic lipogenesis has been observed. 
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SOiVIE CORRELATIONS OF GROWTH-PROMOTING VOWEBS OF 
PROTEINS WITH THEIR STREPOGENIN CONTENT 


Br D, W. WOOLLEY* 

{From the Laboratories of The FocJ efeller iTistUute for ^fed^cal Research ^ Xew Yorl ) 
(Received for publication, Xo\ ember 27, 1945) 

It is now generally bebe\ed that the nutntional or gro'nth-promoting 
powers of proteins are reflected entirelj" by their content of the various 
amino acids. This \new has arisen despite the fact that rats, mice, and 
chickens grow more rapidly when fed casein than when given a mixture of 
amino acids' free of protein (2-4). Opimons have varied as to why intact 
proteins show this nutntional supenonty over mixtures of ammo acids. 
Some have held that the improved growth is merelj’ a reflection of differ- 
ences in palatability. Therefore, the following new facts are presented, 
for they have led to the hj’pothesis that the nutntional supenority of some 
proteins is due to the presence in them of a specific factor which appear^ 
to be correlated with the occurrence of strepogenin. 

Strepogenin is the tentative name used to designate a factor (or factors) 
which stimulates the growth of Lactohacilhis casei, some hemolytic strep- 
tococci, and certam other microorganisms (5, 6). It has been found as an 
mtegral part of certam highly punfied proteins (7, 8), from which it is 
liberated by trj’ptic digestion. Indeed, proteins have proved to be by 
far the richest sources of the growth factor The actn e agent is destroyed 
by hydrolysis with strong acid or alkah Because of these and other 
properties of the factor, it has been concluded that strepogenm is a peptide 
or peptidedike substance (7) 

In view of the occurrence of strepogenm m certam proteins, it seemed 
possible that the supenor growth-promoting properties of these substances 
might be associated with this factor The idea w as exammed expenmen- 
tally in several v^sys. Firstly, the ammo acids denied from casein by 
acid hydrolysis, plus tryptophane and cystme, were substituted for protem 
in a highly punfied diet which was fed to mice The diet was free of 
strepogenm, for that present m casern w as destroyed by the acid h> drolysis 
Growth was considerably slower than that oilmen ed with similar diets 
contammg intact casern. When casern oi some other piotem nch m stre- 
pogenm w as added, a good rate of grow th w as obtained, w hile w ith protems 

•With the technical assistance of M L Colher V prchminao of some of 

the results has appeared (1) 

'The fact that animals fed mixtures of pure ammo acids actually do groTi has 
tended to obscure the suboptimal rate of gam on such a nitrogen source 

3S3 
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low in or devoid of strepogenin, the rate of growth was not increased. 
The growth-promoting powei-s of the various proteins examined were 
directly correlated with their strepogenin contents. As little as 0.5 per 
cent of an active protein such as crystalline tryiisinogcn was sufficient to 
elicit maximal response, and the addition of 2 per cent vitamin-free casein 
gave similar results. Secondly, concentrates of strepogenin made from 
tryptic digests of casein were as active as the protein when fed on an 
equivalent strepogenin basis. Destruction of the strepogenin in these 
preparations by acid hydrolysis Avas attended by loss of groAvth-promoting 
efifect in mice. Finally, a strepogenin-poor, but otherwise nutritionally 
complete protein (egg white) Avas used as a source of nitrogen in a highly 
purified basal diet instead of the mixture of amino acids. GroAvth Avas poor 
on such a diet except AAdien a strepogenin-rich protein such as casein or 
trypsinogen Avas added. A concentrate of the gi’OAvth factor prepared 
from tryptic digests of casein Avas also efTecti\'e Avith this diet. Pj’oteins 
loAv in strepogenin Avere Avithout benefit. 

While the correlation of groAvth-promoting actiAuty for the mouse Avith 
strepogenin content seemed good, it cannot be said that the effect on mice 
Avas due to strepogenin. Before this can be done it Avill be necessary to 
obtain strepogenin in pure form and to test its potenc 3 ^ The available 
data shoAV merely that there is a groAvth-stimulating material in some 
proteins Avhich seems to parallel the content of strepogenin. Since this 
effect cannot be attributed to the knoAvn amino acids, it Avould seem that 
there is something of nutritional importance other than these amino acids 
present in certain proteins. 

A deficiency of the growth-stimulating substance in cei'tain proteins did 
not lead to complete failure of groAvth or to death of tlie animals. It 
merely resulted in diminished rate of groAvth. All the mice fed the basal 
diets eA^entually reached mature size. The only external sign other than 
poor groAVth Avas loss of hair on the top of the head Avhich occurred in a feAv 
of the mice fed the basal diets. 

EXPERIMENTAL 

Methods of Assay — Weanling mice, ranging in Aveight from 10 to 12 gm., 
AA^'ere caged indiAudually on screen floors and fed the A’’arious rations de- 
scribed beloAv ad libitum. Supplements Avere incorporated directly into 
the rations. Whenever crystalline tiypsinogen Avas used as a supplement, 
fresh ration Avas prepared eA^ery 3 da3'’s because this protein Avas added as 
an aqueous suspension after heating, and in such a preparation strepogenin 
potency disappeared rather rapidly. The mice Avcrc weighed tAvice weekly 
over a 2 to 3 Aveek period. 

Strepogenin assays Avere carried out Avith Lactobacillus casei, according 
to the method of Sprince and Woolley described earlier (8). 
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Sirepogenin Conccniraies — Several strepogenin concentrates all prepared 
from ti 3 T)tic digests of \itan3in-free casein ha%"e been xised. The first was 
made by the phenol extraction of the nonKiialyzable portion of su5h a 
digest according to the method used prenously (8). This was designated 
Concentrate A. Concentrate B was made from Concentrate A by adding 
an excess of picric acid to a 10 per cent neutral aqueous solution of the 
concentrate, cooling, filtering, and remo\dng the picric acid from the 
filtrate by acidif 3 Tng viith HCl and shaking with ethyl acetate. The 
aqueous solution was then neutralized with NaOH and concentrated under 
reduced pressure to drjmess. The residue was extracted with methanol, 
and the soluble portion was freed of solvent and extracted with ethanol. 
The resulting insoluble part was used. 

Casein Hydrolysate — Vitamin-free casein was sxispended in 10 times its 
weight of 7 x H^S 04 and heated in an autoclave at 20 poimds pressure of 
steam for IG hours. Sulfate was exactly remo\'ed as BaSO^, and the filtrate 
and washings from the latter were concentrated to dr^mess Jit low tempera- 
ture. The mixture of amino acids was then dried in a vacuum and finely 
powdered. The material so obtained was rather h^'groscopJe. 

Dialyzed^ Coagulated Egg White — Fresh egg white was poured into shallow 
pans and heated in an autoclave until firm. The coagulum was ground, 
suspended in water, and the suspension was diah'zed against running 
water overnight. The dialj'sis was performed in cellophane tubes (sausage 
casings) and was necessary in order to remove the small amounts of free 
strepogenin contained in egg white. The heating was necessan" to in- 
activate antibiotin (andin). The dialyzed coagulum was filtered off 
on cheese-cloth, washed with alcohol or acetone, and dried in a current of 
air. Vlien thoroughly* diy% it was powdered in a ball mill. 

Potency of Prolcins and Conccniraies When Added to Casein Hydrolysate 
Basal Rations — Two basal rations, which varied in the nature of the car- 
bohy^’drate, were used. The first consisted of sucrose 750 gm., salts (9) 
50 gm., casein hy*droIy*sate 180 gm., d/-tr>*ptophane 8 gm., Z-cystine 3 gm., 
thiamine 2 mg., riboflavin 5 mg., nicotinic acid 10 mg., pyiidoxine 2 mg., 
calcium pantothenate 20 mg., choline chloride 100 mg., inositol 1 gm., 
com oil fortified with \ntamins A, D, E, and K (10) 10 gm., and cellulose 
(Cellu flour) 100 gm. The cellulose was added in order to reduce the 
hygroscopicity of the ration. The tendency* of mixtures compounded 
^rith casein hy*droly*sate to become sticky* when exposed to air was over- 
come in the second ration by* the use of heated .starch instead of sucrose. 
The second ration therefore was the same as the first, except that the cellu- 
lose was omitted and the sucrose was replaced with amigel, a commer- 
cially* available, heated cora-starch.- 

* Obtained from the Com Products Refining Company. 
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The growth responses of mice fed cither of tlicse two diets alone or in 
combination with various proteins and strepogenin concentrates are shown 
b}'' the data in Table I. The strepogenin contents of the several diets as 
measured by the Lactohacilhis casei assay are also shown. It can be seen 


Table I 

Growth -Promoling Effects of Proteins and Concentrates Added to Diet Prepared from 

Casein Hydrolysate 




Strepoge-i 

With sucrose 
basal 

With starch basal 



nin con- 





/\aaiuon lo oasai raiion 

tent of ' 
ration* 

1 






i 

. . - - -i 

No. of 
animals 

Average 
change in 
weight 

No. of 
animals 

Average 
change in 
weight 


Per cent 



gm per 
v.'k. \ 


gm, per 
wk. 

None 


0 

12 i 

+1.7 1 

12 1 

+3.4 

Casein (vitamin-free) 

10 


4 1 

+3.3 




5 




9 

+5.7 


2 


4 j 

+3.1 




1 


7 

+2.4 

3 

+4.5 


0.5 




* 4 

+2.8 

Healed crystalline tr^-^p- 

0.5 


4 

+3.6 

S 

+5.5 

sinogen 

Native crystalline tiyp- 

0.5 1 


4 

-0.1 



sinogen 

Heated horse hemoglobinf 

5 

0.015 



4 

+4.0 


2 

0.006 



4 

+3.9 

Gelatin 

5 

0 



4 

+ 1.0 

Dialyzed heated egg white 

5 

0.015 

7 

+2.1 

5 

+3.9 

Whole dried beef liver 

2 

0.02 



1 

4 

+5.1 

Strepogenin, Concentrate 

Equivalent to 2% 

0.10 

s 

+3.0 

4 

+4.S 

A 

casein 



! 



Strepogenin, Concentrate 

tt tt 

0.10 



4 


B 

Acid hydrolyzed, Concen- 

Equivalent to 4% 

0 

4 

+1.3 



trate A 

casein 






Glutamine 

2 




4 

+3.5 


* The strepogenin values are relative to a standard liver extract which was as- 
signed a potency of 1 (c/. (8)). 

t A solution of dialyzed crystalline horse hemoglobin which had been coagulated 
in boiling water and dried was used. This preparation was lower in strepogenin 
than the hemoglobin examined previously (8). 

that proteins such as casein and trypsinogen Which were rich in strepogenin 
])romotcd growth, while those which were poor in that factor did not. 
The potency of liver in this test seemed correlated with its strepogenin 
content. Similarl)’' the activity of concentrates prepared from tryptic 
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digests of casein was rough!}' proportional to their strepogenin contents, 
far as could be judged by these results. With the proteins and con- 
centrates tested, the correlation of acti\’ity for the mice with strejDOgenin, 
content was not quantitative, but in view of the inadequacies of both the 
animal and bacterial assays involved, the divergence was not great. 

Althou^ the cn*5talline trj'psinogen was veo' active after it bad been 
denatured by heat, the native protein was rather hannful to the mice. 
This toxic effect of native trypsinogen likewise was observed in the trials 
Arith the egg white basal ration described below. The heated trypsinogen 
was prepared by dialyzing ciy'stalline tiy-psinogen* and heating the aqueous 
solution of the protein in a boiling water bath for 5 minutes. 


Table II 

Growth-Promoliiig Ejjecis of Proteins Added to Diet Prepared xtitk Egg While 


Addition to biszl iztjon 

j 

Xo. of 

Averxsc diinjs 


fer cent 


tn. fer rl. 

Xonc 


IS 

-h2.5 

Casein (vitamin 'free) 

5 

15* 

-f3.7 


1 

4 

-f3.2 

Gelatin 

5 

6 

+2.2 

Dialyzed heated egg white 

o 

5 

+2.2 

Heated crystalline trypsinogen 

0.5 

5 

+5.1 

Native “ “ ' 

0.5 

6 

-2.8 

Strepogenin, Concentrate 1 

Equivalent to 2% casein 

6 

+4.0 


Glutamine was tested because, under certain experimental conditions 
(11), it had strepogenin activity for Lactobacillus casci. However, it was 
inactive for the mice, just as it was for hemol}'tic streptococci which 
required strepogenin (5). 

Groicih- Promoting Properties of Heated StarcJi — The data in Table I 
show that the heated starch (amigel) used in the second ration had a 
marked grovdh-stimulating effect when compared to sucrose. This 
phenomenon was quite independent of and incidental to the enhancement 
of gro^vlh due to proteins. The animals recei\'ing amigel and an active 
protein such as casein grew at a rate equal to or exceeding that seen in 
mice fed stock rations. In riew of the fact that .stock rations contain 
starchy materials, this growth -stimulating action of starch may explain 
the observation in several laboratories that mice grow slightly better 
when fed a s\ock ration than when given a purified diet compounded with 

*The cr}’StalUne trypsinogen was very kindly snppliod by Dr. M. Kiinit? of The 
RoekefeUer Institute fnr Meilieal Re^eareti. 
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glucose or sucrose. However, it may be that the superiority of the amigel 
was due to some unknown stimulant other than starch. 

Growth-Siwmlating Powers of Various Proteins Added to Ration in Which 
Egg White TKas Source of Nitrogen — Since egg white was very low in strc- 
pogenin, and yet well supplied with the known amino acids, a ration could 
be prepared which was Ioav in strepogenin but which contained unhydro- 
lyzed protein as the source of nitrogen. This ration contained sucrose 
750 gm., salts (9) 50 gm., dialyzed, heated egg white 180 gm., and the 
same quantities of vitamins as in the casein hydrolysate rations. The 
responses of mice to this mixture alone, and Avith the addition of various 
proteins, are shoAvn in Table II, It can be seen that groAvth Avas poor on 
the basal ration, and that it Avas improved by the addition of a protein 
rich in strepogenin. Proteins low in strepogenin Avere not effective in this 
respect. 


SUMMARY 

When mice were fed a highly purified ration in which casein hydrolysate 
plus tryptophane and cystine Avas the nitrogen source, they grew at a sub- 
maximal rate. Small amounts of proteins rich in strepogenin AA^ere effec- 
tiA^e groAvth promoters, Avhile proteins Ioav in this peptide-like groAvth 
factor AA’^ere not. Concentrates of strepogenin prepared from tryptic 
digests of casein Avere as active as the intact protein. When the strepog- 
enin Avas destroyed in such concentrates, the groAvth-promoting poAAWs 
for mice Avere lost. When egg white, a protein low in strepogenin, but 
otherAvise nutritionally adequate, Avas used as the source of nitrogenous 
matter in a highly purified ration, a sIoav rate of groAvth Av^as observed, and 
this situation Avas remedied by administration of small amounts of proteins 
rich in strepogenin, but not by those poor in this factor. Some implica- 
tions of these findings for current theories of protein nutrition have been 
indicated. 

A stimulation of groAvth caused by the addition of heated starch to 
highly purified rations has been described. 
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LETTERS TO THE EDITORS 


THE AVAILABILITY OF MTA:MIN Be IX YEAST TO 
SACCHARO^IYCES CARLSBERGEXSIS* 


iSiVs: 

In exploring the problem of the complete extraction of vitamin Be from 
natural sources, Melnick ct aL^ reached the conclusion that, in addition 


Kficiencij of Varioits Extraction and Ht,drohjtic Procedures :n Rendering Bt in Yeast 
SOO-B Available to Saccharomyces carlshergensis 


Eipcri- 

Extraction 

“Hydrolj tic'* procedure* 

feundt 

No. 

Steam edt 

Filtered^ 

1 

Digestion with clarasejl 

None 

•y 

36 

7 per xw. 

39 

2 

tt tt It 

2 X H:S04 


40 

3 

0 055 X H^SOt* 

None 

25 

26 

4 

0 055“ “ 

2 X HjS04 

28 

33 

5 

2 X H;SO** 

None 

16 

17 

6 

ey tt tt 

2 X HiSO^ 

19 


7 

2 “ “ 1 

0 055 X H;S04 (pH 1.7) 

24 


S 

tt ct 

.Adjusted to pH 2 

24 

32 

9 

<7 tt tt 

ii it a ^ 

23 


10 

2 “ “ 

H ii y 

20 

23 

11 

<> (t tt 

tt tt tt Q 

13 


12 

2 “ “ 

Claraselj 

36 

39 


After e\traction of the yeast by the stated method, the extracts were centrifuged, 
then passed through sintered glass filters, and the clear filtrates were further treated 
as described under “Hydrolytic procedure/^ 

* 60 minutes at 15 pounds pressure* 

t In terms of pyridoxine hydrochloride. 

t The extract was steamed with the medium for sterilization, according to Atkin 
et alA 

§ The extract was filtered through a glass bacterial filter, then added asepticalh- 
to the steamed medium. 

II According Atkin et af.,- incubation being for 65 hours at 45®. 

* Publication Xo. 60. 

^ Melnick, D., Hochberg, M., Himes, H. W., and Oser, B. L., J. BioL Chem., 160, 
1 (1&45). 
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io the three known members of the 1% group (pyridoxine, pyridoxaiuiue, 
und pyridoxal), a fourth <‘omponent, wliich is acid-labile, occurs in some 
natural materials such us yeast. This conclusion was based largeb" on 
the observation that strong acids, sucli as 2 x H 2 SO 4 , extract only half of 
the total Be activity from yeast, as judged by the response of Sacchamnyccs 
carlshergcnsis and differential microbiological assay. 

The tabic shows (Experiment 5) that, in agreement U'ith Melnick ct ah,^ 
extracts made with 2 x HeSO^ apparently contain about half of the total 
Be content of the ycUvSt (39 y per gm.). If, however, the extract made 
with 2 X H:S 04 is further '‘h 3 ^drolyzed” by autoclaving in 0.055 n HsSOr 
or, in general, at a pH of about 2 to 4, or treated with clarasc, then the 
Be found increases considerably (Experiments 7, 8 , 9, 12 ), These findings 
therefore demonstrate that the missing Be moiety is not destro^^ed b}’' ex- 
traction with 2 X H 2 SO 4 but, rather, that it is not available to Saccharornyces 
rarhbergensis. 

Recent work^ on the behavior of p 3 Tidoxal phpsphate as the prostlietic 
group of transaminases suggests that tliese anabUical vagaries are related 
to the extent of dissociation of p 3 Tidoxal phosphate from protein. 

Sulrilion Laboratories Saul II. Rubin 

}Ioffmann-La Roche ^ Inc. Jacob ScnniNEn 

Xutley, i\cw Jersey 

Received for publication, December 17, 1015 


2 Atkin, li., Schultz, A S., Williams, \V. L., and Frey, C. N., Ind. and Eng. Ohem., 
Anal Ed., lb, 141 (1943). 

^Umbreit, W. W., Bellamy, W, D., and Gunsalus, I. C,, Arch. Biochcju., 7, 185 
(1045). Green, D. E , l/}\oxr, b. F., and Xocito, V., J. Biol. Chem., 161, 559 (1945). 


STREPTOMYCIN: THE CHEMICAL NATURE OF STREPTIDINE 

Sirs: 

In the course of n study of the products fom'icd from strcptomjTin hy 
acid hydrolysis^ we have isolated a crj-stallinc base CsHisO^Ng %Yhich is 
vcr>’ probably identical wdth a basic degradation product of the same com- 
position recently reported by Brink, Kuehl, and Folkers.' We have 
tentatively adopted for this substance the name, streptidinc, used by 
these invest igiators. 

Streptidinc sulfate is ma^'t conveniently obtained by treatment of strcp- 
tomycin sulfate with 4 parts of 1 k sulfuric acid for 48 hours at 45“. The 
resulting cra^stalline precipitate can lx» readily purified by rcco’stallization 
from water. Tlic sulfate as well as the other crj'stalline salts described 
below has no definite melting point, but decomposes with charring above 
250°, Tliey contain water of cr>’stallization which ran be completely 
removed only by drjdng in racno at 150°. Sulfate (pri'^ms), CsHuOiNe-- 
HsSO^, calculated, C 2GTw, H 5.G0, N 23.32, S S.8S; found, C 2G.G3, H 
5.65, N 23.0, S 8.72. DilnjdrocMon'dc (amorphous), C5His04Xr2HCl, 
calculated, C 28.00, 11 G.Ol, N 25.0G, Cl 21. IG; found, C 2S.GS, H 5.90, 
N 24.8, Cl 21.1. Dx pic rate (needles or stout prisms), CsHis04N6*- 
2C«H,0:Nj-H:0, calculated, C 32.53, H 3.52, N 22.75; found, C 32.4G, 
H 3.G0, X 22.G. rarbonafe (characteristic tctnihedra), C8Hxs04X6-H-C03, 
calculated, X 25.90; found, X 25.8. The free base, obtained from the salts 
\Yith excess sodium hydroxide, crj’.stalUzc.s in needles, Init is not suitable 
for analytical characterization. 

Streptidinc is optically inactive and shows no selective absorption in the 
ultraviolet range. It is devoid of carbonyl oxygen, as shoum by the ab- 
sence, after treatment with thioscmicarbazide, of the characteristic thio- 
scmicarbazonc band at 270 

Streptidinc is the moiety responsible for the Sakaguchi reaction given 
by streptomycin.* The presence in streptidinc of two guanidino groups 
has l>een conclusively established by the following findings. Electro- 
metric titration of its dihydrochloride showed it to be a verj' strong base. 
Treatment of the sulfate with 5 per cent barium hydroxide solution at 95° 
yielded 2 moles of ammonia and the corresponding diurea C6H10O4*- 
(XH'CO'XH;)* (decomposition point 286-287° corrected). CsHwOeXi, 
calculated, C 36.37, H G.ll, X 21.20; found, C 36.29, H 6.04, N 21.0. 

' Brink, X. G., Kuclil, K. Jr., and Folkcrs, K., Science, 102, 500 (1015). 

-Kvan?;, L. K., and Gillam, A. K., ./. Chem. Soc., 565 (1943). 

’ Carter, H. E., Clark, R. K., Jr., Dickman, S. R., Ivoo, Y. H., Skoll, P. S., and 
•'^tronp, W. A., J, Riol. Chan,, 160, 3.37 (1945). 
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jMorc rigorous treatment with 40 per cent barium h3"droxide resulted in 
the formation of 4 moles of ammonia and of the diamine C6Hio04(NH2)2, 
which was characterized as the crj'stalline dihydrochloride and dipicrate. 
Dihydrochloride, C6Hi404Nr2HCl, calculated, C 28.70, H 6,42, N 11.15, 
Cl 28.24; found, C 28.63, H 6.36, N 11.4, Cl 28.6, amino N 11.7, Dipio- 
rate, calculated, C 33.98, H 3,17, N 17.60; found, 

C 33.75, H 2.97, N 17.8. In the oxidation of the diamine with periodate 
in alkaline medium 6 oxygen atoms were consumed. 

Among the structural formulae consistent with the above results a tetra- 
h^'droxydiguanidinoc^Tlohexane structure, suggestive of a biogenetic 
relationship to inositol, would appear most satisfacto^3^ 

Division of Organic Chcjnistry Josef Fried 

The Squibb Institute for Medical Research G. A. Boi’ACK 

New Brmmoich O, Wxntkrsteineu 

Received for publication, December 18, 1945 



THESEPATLVTIOX OF ADENOSINIiTrRIPHOSPlIATASEFROM 
>ri*OSIX AND ITS ACTIVATION BY CREATINE 


Sirs: 

It has been found Ihnl by fmetionating myosin under certain conditioas 
a water-soluble cnnTnc may bo separated from it uliich splits ATP to ADP 
and inorganic phosphate. The onz>'mc docs not act on ADP. 

All operations were carrietl out in a cold room at 5°. Three times pre- 
cipitated myosin ^ prepared from rabbit muscle, \vns dissolved in Weber’s 
solution^ and dialyzed for 3 hours against 0.5 saturated (NHd:S 04 adjusted 
to pH 5.2. The precipitate was centrifuged oft and stirred up in a solution 
containing 0.03 m ATP, pH 7.4, followed by the addition of 4 volumes of 

T\blk I 

^^ect of Creattnc and Calcium on Adeno^inctnphosphatase Separated from ^fyoSln 


AH samples contained 1 cc of 0 1 m piscine, pH 9 0, 523 y of labile P as ATP, plus 
25 7 of onzyme. Total X'olumc 1 5 cc , incubated for 5 minutes at 3S®; analyzed for 
inorganic phosphate (Pe) and labile P after 7 minutes hydrolysis in 1 k HCl (Pi). 


Sazsp'e No. 

AddtUoM ! 

. 1 

Pi 

Pi 



y 

7 

1 

1 mg. creatine (licfore incubation) 

20 

523 

2 

Xonc 

50 

4S3 

3 

0 001 V CaCh 

4S 

480 


1 mg. creatine 

178 

352 

5 

1 “ “ -fOOOlMCaCI; 

174 

354 


acetone. After centrifugation, the supernatant fluid was discarded and 
the gummy precipitate ground in a mortar xvith a 0.1 it KCl solution- The 
nuxture was centrifuged and the supernatant fluid dialyzed against water 
for 10 hours. The dialyzed and centrifuged solution contained an adeno- 
sinetriphosphatase which xvas 30 times more active per mg. of protein than 
myosin. The solution contained about 3 per cent of the original protein 
of myosin. Tiselius pictures showed one main component comprising 
about 85 per cent of the total protein. 

The activity of the enzjune xvas enhanced by creatine, the half maximal 
effect being obtained with 1.5 X lO^"’ m. There was no formation of pho«- 
phocreatine. Calcium had no activating effect (Table I). The enzjTne 
could be readsorbed on a myosin which had been prepared at pH 6.(P and 

‘ Weber, H. H., Btochem Z„ 266, 137 (1933). 

* Singher, H.O.,andMeister, A., J. BtoL C/iem.,159, 491 (1945). 
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was free of adenosinetriphosphatase activity. At‘ter readsorptiou oa myo- 
sin, calcium had an activating effect (Tabic II). 

Water extracts prepared from rat or rabbit muscle contained an adeno- 
sinetriphosphatase \Yhich had the same properties as that separated from 
myosin. On dialysis this enzyme lost 80 per cent of its activity, which 
could be restored by creatine. This activation by creatine was not due to 

Table II 

Adsorption of Watev-Soluhle Adenosinetriphosphatase by Myosin 
50 y of adenosinetriphosphatase mixed with 7 mg. of myosin in 2 cc. of 4.5 per cent 
KCl, pH 8.0; mixture dialyzed against water for 24 hours and centrifuged; precipitate 
(designated as A) washed with 10 volumes of water, centrifuged, and dissolved in 
Weberns solution. All samples contained 1 cc. of 0.1 m glycine, pH 9.0, + 1 mg. of 
creatine + 498 y of labile P as ATP in a volume of 2.0 cc. Incubated and analyzed 
in the manner as described in Table I. 


Sample Xo. 

Additions 

Po 

P; 



y 

y 

1 

Before incubation 

25 

498 

2 

2 mg. myosin before adsorption + 0.001 M 

CaCI> 

27 

495 

3 

2 mg. A 

85 

438 

4 

2 " -f 0,001 MCaCl, 

120 

402 


formation of phosphocreatine. Calcium had no activating effect. This 
enzyme could also be adsorbed on myosin and again separated from myosin 
by methods described in this paper. These findings would indicate that 
adenosinetriphosphatase is present in muscle partly in the free form and 
partly adsorbed on myosin. 

Department of Phai macology Winston H. Price 

Washington I fiivcrsitg School of Medicine Carl F. Cori 

St. Louis 


Roroived for publication, January 16, 1040 





COiMPAILVnVE TOLER.VNCE TO MIXTURES OF NATURAL 
AND ILVCEMIC AMINO ACIDS ON INTRAVENOUS 
INFUSION IN THE DOG 

By E.E.HOWE, KLAUS UXXA,* GRACE RICHARDS, axd A. O.SEELERt 

{From the Research Lahoralorics of Merck and Company, Inc., and the ^fcrch 
Institute for Therapeutic Research, Rahway, If ew Jersey) 

(Received for publication, December 7, 1945) 

Madden and his collaborators (1“3) have reported that certain mixtures 
of crystalline amino acids are well tolerated when infused intravenously 
at high rates into dogs, whereas protein hydrolysates must be given fairly 
slowly to be tolerated. They have also found that glycine added to mix- 
tures of pure amino acids improves their tolerance. They further report 
that glutamic acid is particularly likely to produce vomiting and suggest 
that the louver tolerance to the hydrolysates may be due, in part at least, 
to their content of this amino acid. Unna and Ho’we (4) have corroborated 
this obser^yation concerning glutamic acid and have also demonstrated 
that aspartic acid has an equal emetic effect. Madden et al (o) more 
recently have also reported that d/-aspartic acid in mixtures of crystalline 
amino acid induces vomiting. 

In this communication we ^vish to record striking differences in the 
tolerance of mixtures of racemic and natural amino acids, to elaborate on 
some of Madden's findings, and to present a preliminary study of the 
tolerance to single amino acids. 

EXPEHniEXTAL 

Healthy adult mongrel dogs maintained on a diet of Purina dog chow 
'were given single intravenous infusions of solutions of the mixtures listed 
in Table I, of variations of these mixtures, and of single amino acids. 
Food was withdrawn from the cages in the afternoon of the day preceding 
the experiment. The rates of infusion were carefully controlled by use 
of a variable speed infusion pump designed by Mr. Michael Kniajnik of 
the Alerck Institute. With this instrument an 8 per cent solution of amino 
acids may be given to a 10 kilo dog at a maximum rate of 35 mg. of nitrogen 
per kilo per minute. Pulse and temperature w'ere recorded at intervals 
during the infusion and for 2 bom's thereafter. No dog was u.'^ed more 
often than twice weekly. 

* Present address, University of Illinois College of Medicine, 1853 West Polk Street, 
Chicago 12, Illinois. 

t Present address, Boston City Hospital, Boston IS, Massachusetts. 
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Vomiting was used as the ciiteiion of non -tolerance. The vomiting 
was preceded by a short period of nausea, retching, and a slight fall in 
rectal temperature. On continuation of the infusion the vomiting often 
reoccurred in short intervals. However, after the termination of the in- 
fusion, vomiting ceased and the animals recovered quickly within 2 hours. 
No elevation in temperature was observed during the infusion. Only 
occasionally a rise of 1° or 2° was encountered 1 to 2 hours after the infusion. 
Such temperature reactions were presumably due to contamination vnth 
P3Togens, and not to the amino acids per sc. 

Table I 


Per Cent Compositio7i of Mixtures of Ann?w Acids 



Mixture 

I 

Mixture 

I 1 

' ■ - -1 

Mixture j 
III 

Mixture 

IV 

Vuj mix- 
ture 

VuJ .V 
mixture 

Z(-l-) -Arginine HCl 




10 8 


8 0 

Z(+)-Histidine HCl-HjO ... 




5.3 

■n 

4 0 

Z(+)-Isoleucine ♦ 

14.2 



9.7 


7.8 

di-Isoleucine 


16.6 

16.5 


10.8 


ZC-f) -Leucine 

32.0 


23.5 

21.7 

15.4 

17.5 

dZ-Leucine 


37.4 





Z(+)-Lysine HCl 




16.1 

12.3 

12 3 

Z (— ) -Methionine 

9 2 



6.2 


5.5 

(ZZ-Methionine . 


10 7 

9.2 

1 

6.1 

1.2 

!(—) -Phenylalanine 

16.0 ! 



10.8 


8 7 

dZ-Phenylalanine 


18.7 

10.6 


6.9 


Z(—) -Threonine 

3.2 



2 2 


1.7 

(ZZ-Threonine 


3.7 

16 5 


10 8 

7.4 

cZZ-Tryptophane 



2.7 


1.8 

I 8 

Z(-h)-Vahne 

11 1 



7.G 


6 1 

cZZ-Valine 

i 

12.9 

21.0 


13.9 


Glycine 





1 10.0 


Total 

85.7 

100.0 

100.0 

90 4 

1 

100.0 

92.0 


The amino acids were dissolved in distilled water by heating on a steam 
bath to 70-80°. The solutions in all cases with the exception of dZ-phen- 
ylalanino (to be discussed later) were adjusted to pH 6 to 7 with strong 
sodium h^'droxide solution. The nitrogen content of the complete amino 
acid mixtures (those containing all of the essential amino acids) and of the 
hydrolysates tested varied from 1.0 to 1.1 gm. per 100 cc. The total 
amount of nitrogen administered in these preparations was usually approxi- 
matel}'’ 220 mg per kilo of bod}’* weight. Correspondingly smaller amounts 
of the incomplete mixtuies were given. 

In Table I the amino acid composition of some of the infusion mixtures 
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is shown. IMixttire I is the monoaminomonocarboxylic fraction of a pro- 
tein hydrol3"sate obtained from a casein hydrolysate b}" Dakin's butanol 
extraction procedure. Its amino acid composition was determined by 
microbiological assay. The unidentified portion of this mixture containing 
15 per cent of the total nitrogen is possibly to a large extent natural non- 
essential amino acids. ^Mixture II is a mixture of the e^ential racemic 
acids in the same proportion in which the natural acids are foimd in the 
butanol extract, whereas ^ILxture III is a mixture of the monoamino- 
monocarboxylic acids in the proportions in which they are found in 
Madden's Vuj mixture (G). No. is a mixture of natural amino acids 
made by adding the pure basic amino acids to Mixture I. The fifth 
mixture is Madden's Vuj mixture which has, to some extent, been used 
clinicall)^ The final mixture is obtained by addition of certain racemic 
amino acids and glycine to jMixture to make it resemble the Vuj mixture 
with respect to natural amino acid content. Because of this close resem- 
blance and because it consists predominantly of natural amino acids, it 
has been given the designation Vuj-X mixture. 

RESULTS AXD MSCtTSSIOX 

The monoarrJnomonocarboxj'lic fraction (Mixture I) was infused at 
rates varj'ing from 5 to 22 rag. of N per kilo per minute in a series of 
seventeen experiments with eleven do^ without causing vomiting or any 
apparent nausea. However, when a mixtiue of the same essential amino 
acids in the same proportions but in the racemic form (Mixture II) was 
given to three dogs at rates between 1 and 2 mg, of N per kilo per minute, 
all of these animals vomited repeatedly. In a like manner. Mixture III 
containing racemic monoaminomonocarboxj’Iic acids and Z(-f )-Ieucme in 
the proportions found in the mixture produced \*iolent retching for 
twelve of fourteen infusions when it was administered at rates of 2 to 4 mg. 
of N per kilo per minute. Again, when the Z(4-)-leucine of ^lixture III 
was replaced hy dMeucine (Mixture Ilia) two of four dogs vomited at 
the rate of 2 mg. of N per kilo per minute. 

The mixture of nine natural essential amino acids (^fixture lY) was 
used in nine infusions at rates of 20 to 35 mg. of N per kilo per minute. 
Only two of the animals vomited and in these experiments the rates of 
infusion %vere 30 and 31 mg. of N per kilo per minute. Similarh', when 
this mixture was fortified 'with about 10 per cent racemic amino acids and 
10 per cent glycine (V^uj-N mixture) it was extremely well tolerated, 
producing no vomiting for eighteen infusions at rates of 6 to 30 mg. of 
N per kilo per minute. In contrast, the Vuj mixture produced vomiting 
in eight of a series of sixteen infusions at rates between 5 and G.5 mg. of 
N per kilo per minute. Table II summarizes the results of the experiments 
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which show the striking differences in the tolerance to natural and racemic 
amino acids. 

Although these great differences in tolerance may not be considered 
evidence of non-utilization of the d forms of the amino acids, they become 
of prime importance in parenteral amino acid alimentation, when speed 
of infusion may be advantageous. 

The effect of glycine in increasing the tolerance of the dog to mixtures 
consisting predominantly or entirely of racemic amino acids is not great. 
Three dogs vomited when they received Mixture III plus 10 per cent 
glycine (Mixture VII) at rates of 2.5 to 3.5 mg. of N per kilo per minute. 


Table II 

Tolerance to Mixtures of Natural and Racemic Aviino Acids 


No. of 
dogs 

Mixture No. 

Description of mixture 

1 

Nitrogen, 

1 total 

1 Nitrogen 
rate 

No. of 
in- 
fusions 

1 No. of 
: vomit- 
ings 




i 

mg. per ks. 

mg, per kg. 
per min. | 



11 

I 1 

Natural monoaminomonocar- 

110-120 

5-22 1 

17 1 

0 


1 

boxylic acids 





3 

n 

Racemic amino acids correspond-j 

120 

1” 2 1 

■1 

3 



ing to Mixture I 





9 

III 

Monoaminomonocarbox 3 dic , 

120 

2- 4 


12 



acids as found in Vuj i 



■i 


4 

Ilia 

Mixture III with (//-leucine re- 

120 

2.0 

■1 

2 


1 

placing /(-l-)-Ieucino 





7 ‘ 

IV 1 

Natural amino acids 

216 

1 20-35 

9 

2 

8 

Vuj 

Mixture containing 50% racemic 

220 

5- 6.5 

16 

8 



amino acids 





11 

Vuj-N 

Natural amino acids 4- 10% r.ace- 

220 

6-30 

18 

0 



mic amino acids 4- 10% glycine 






Addition of 10 per cent glycine to Mixture Ilia (Mixture YIII) again 
showed little or no increase in tolerance, since three of four dogs vomited 
at rates of 2.5 to 3.5 mg. of N per kilo per minute. When 25 per cent of 
gtycine was added (Alixture IX) Uve of six dogs A’oniited at rates of 3 to 
4 mg. of N per kilo per minute. 

That glycine does, however, gi*eatl 3 " increase the tolerance for racemic 
amino acids in some mixturas of racemic and natural acids is demonstrated 
b3'' a series of experiments in wbicli the 'Wij-N mixture minus glycine 
(Mixture X) was used. As has been previousl.v recorded, a mixture* of 
natural amino acids is tolerated at rates up to 30 mg. of N per kilo per 
minute. Similarly, when 10 per cent racemic acids and 10 per cent glycine 
are added to this mixture it ma}" again be given at a rate of 30 ing. of N 
per kilo per minute without nauseating effects. However, when the 
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glycine is omitted vomiting occurs quite frequently- at rates as low as 9 mg. 
of N per kilo per minute. Forty infusions were carried out at rates between 
6 and 30 mg. of N per kilo per minute. In twenty-one of the forty vomiting 
occurred. Closer examination of the data indicates that this mixture 
behaves somewhat anomalously, i.c., the incidence of vomiting was greater 
upon infusion at rates of 9 to 11 mg. when seven of ten dogs vomited than 
at 18 to 22 mg., when vomiting occurred in only seven of fourteen. As 
an example of indindual performance Dog 571 vomited when the infusion 
rate was 11 mg. of N per kilo per minute but in two infusions at 21.5 mg. 
vomited only once. This great indi\idual variation was not encountered 
with the other mixtures used. 


hi 

EJJcct oj Glycine on Tolerance to Amino Acid Mixiurez 


Xo. of 
dogs 

MIrbirr 

Xo. 

Description of miiturc 

Xitrogca, 

XitrOgsE me 


Ko. of 
vesit- 
ings 




mf . fer Jtj . 

rtf, ter if. frr 
nin. 

1 


n 

HI 

Monoaminomonocarboxylic 

120 

2-4 

14 

12 



acids as found in Vuj mixture 





3 ' 

vn 

Mixture HI 4* 10% glycine 

120 

2.5- 3.5* 

mm 

3 

4 ■ 

Ilia 

“ v^-ith dMeucine re- 

120 

2 

B 

2 



placing I(-f )-leucine ' 



B 


4 

VI H 

Mixture Ilia 4- 10% glycine 

120 

2.5- 3.5‘ 


3 

6 

IX 

‘‘ 25% - 

120 

3-4* 

6 

5 

7 

IV i 

Xatural amino acids 

216 

20 -35 

9 

2 

n 

VI 

Mixture IV 4- 10% racemic am- 

220 

G -.30 

IS 

0 



ino acids 4* 10% glycine 





12 

X 

Vuj'X mixture minus glycine 

214 ! 

1 

G -30 

40 

21 


* These fifaires do nol inclu'lc the glycine nitrogen. 


The results of the experiments showing the cITcct of glycine upon the 
tolerance to amino acid mixtures arc summarizeci in Table III. 

The poor tolerance to the racemic amino acid mixtures (IMixtures II 
and III) might be a cumulative cfTect of all or, on the other hand, might 
be due to a (*oraparativcly great emetic cfTect of one or a limited number 
of them. Accordingly, each of these racemic acids was infused singly- at 
several t\me.s the rates and in at Iciuit twice the total amounts that they- 
were given in the mixtiu'cs. The results, fotmd in Table IV, show that 
each amino acid is remarkably- well tolerated. Even d/-methionine, by- 
far the worst offender, could be injected at 4 times the rate and in twice 
the total quantity that it is given in the Vn'} solution when infused at the 
maximum tolerated speed of 0 mg. of X per kilo per minute. 
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Owing to its low solubility, di!-phenylalanine was given in solution at 
pH 8.5. This amino acid produced vomiting in one of three experiments 
when a total of 1 gm. per kilo of bodj^ weight was administered at 2.8 mg. 
of N per kilo per minute. This positive result is probably without signifi- 
cance, however, since glycine which is normally innocuous produced vomit- 
ing in one of two experiments at pH 8.5. 


Table IV 

Tolerance to Single Aynino Acid 


No. of 
dogs 

! Description o! material 

Amino acid 

Nitrogen 

No. of 
in- 
fusions 

No. of 
vomitings 



1 

cm. per i 
t:. 

mg. Per ' 
Pg./er j 
win. 

mg. per 
kg. 1 

mg. per kg. 
per min. 



2 

t/Msolcucine 

1.0 

33 

105 

3.5 

2 

0 

2 

d/-Leucine 

1.0 

33 

105 

3.5 1 

2 1 

V 

2 

' d^Metllionine 

! 0,2 

10.6 

18 

1.0 

2 

0 

2 

' tt 

* 0.6 

16-22 

5.6 

1.6- 2.1; 

2 

2 

3 

dZ-Phcnylalanine 

! 1,0 

33 

8.4 

2.8 1 

3 

It 

4 

d^Threonine 

1.0 

33 

116 

3,9 1 

4 1 

2 

2 

d/-Tryptophane 

0.00 

3.2 

8 

0.4 

2 ! 

0 

2 

dZ'Valine 

1.0 

33 

119 

4.0 

2 

0 

9 

! Mixture III, monoamino- 



120 

2-4 

14 

12 


monocarboxylic acid as 
found in Vuj 







5 

Mixture III minus di-methi- 

1 


70-100 

2.5- 5 

5 

2 


onine 







? 

Mixture III minus d^threo- 



OS 

2-3 

2 

2 


nine 







4 : 

Mixture III minus d/-methi- 



102 

4-5 

: 4 

1 


onine and di-threonino 




i 

! 

1 

2 , 

it it 



102 

1 7 

2 

2 

11 1 

Mixture I, natural mono- 

1 


110-120 

* 5 -22 

17 

0 


aminomonocarboxylic acidsi 








* Vomiting possibly due to the large volume of solution given, 
t Vomiting probabl}' clue to the pH of the solution (S.5). 


Since vomiting was encountered with alkaline solutions, no attempt was 
made to increase the solubility of dMeucine by forming the sodium salt. 
Accordingly, this amino acid was infused in a 1.2 per cent solution. In 
this connection it is of interest to note the volume of solution which ma}" 
be infused without apparent ill effects. Two dogs each received 80 cc. 
of solution per kilo over a period of 30 minutes. One vomited a few 
minutes after the infusion; in the second there was no reaction. Because 
of the large volume of solution infused the positive reaction in the first 
dog cannot be definitely ascribed as an effect of the dMeucine. 
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To eliminate the possibility that the poor tolerance of the racemic amino 
acids might be due to either or both of the two least well tolerated of the 
amino acids, methionine and threonine, these acids have been omitted 
from the infusion mixture. The results of these expenments are shown 
in Table lY. When methionine is eliminated from Mixture III there is 
a possibility of a slight increase in tolerance to the mixture. When thre- 
onine is left out, there is apparently no appreciable change. However, 
when both are removed, the rate at which the mixture ma 5 'be given without 
inducing vomiting seems to be appreciably increased although the ceiling 
of tolerance is still quite low in comparison with that of the natural amino 
acids. 


SXJiniARY 

1. jMixtures of natural amino acids can be given to dogs intravenously 
at much higher rates without inducing vomitiag than can similar mixtures 
containing racemic amino acids. 

2. Gl^xine causes a definite increase in the tolerance of the dog to infusion 
of certain mixtures containiug racemic amino acids. 

3. Of the single racemic amino acids tested, dZ-methionine is the most 
poorly tolerated. The poor tolerance of the mixtures of amino acids is, 
however, undoubtedly due to cumulative effect of the racemic acids present. 

The authors wish to express indebtedness to Dr. ^lax Tishler for valuable 
suggestions and guidance in this work, and to Dr. J. L. Stokes for the amino 
acid assay's. 
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THE EFFECT OF PROTEIN ON THE NICOTINIC ACID AND 
TRYPTOPHANE REQXHREMENT OF THE GROWING RAT* 

Br W. A. KREHL, P, S. SARiSU, asd C. A. EUEHJEM 

(From the Department of Biochemistry ^ College of Agriculture, University of 
Wisconsin, Madison) 

(Received for publication, December S, 1945) 

Previous work (1, 2) has clearly established that the presence of com in 
a synthetic low protein diet alters the dietary nicotinic acid and tryptophane 
requirement of the growing rat. This relationship between nicotinic 
acid and tryptophane is not peculiar to com-supplemented rations, since 
similar effects can be demonstrated (3) vdth non-com rations which are 
low in both tryptop^^^ nicotinic acid. 

Since tryptophane is most directly concerned with this sjmdrome, the 
present report deals with a more extensive examination of proteins other 
than casein which contain different amounts of tryqitophane (i.e. egg al- 
bumin, fibrin, and soy bean globulin) and their influence in counteracting 
the effect of com. Further evidence is also presented to show that the 
interchangeable r61e of nicotinic acid and tryptophane is intimately related 
to the nature of the total amino acid content of the ration. 

KXPEKIXIEXTAL 

Egg albumin and fibrin which were obtained commercially contained 
practically no nicotinic acid. Soj* bean globulin was prepared according 
to the method of Teresi et al. (4), by extracting ground Illini tj-pe soy 
beans with 10 per cent NaCl solution, and dialyzing the extract in cold 
running water at temperatures not exceeding 15®. The globulin which 
precipitated after 48 to 72 houm was removed and dried after washing with 
ethanol and ether. The globulin was autoclaved at 15 pounds pressure 
for 1 hour. The protein so prepared was practically free from nicotinic 
acid. 

Each of the proteins was analj^zed for total protein (N X G.25) and 
suflicient quantities were used to supply 10 and 15 per cent of total protein 

* Published with the approval of the Director of the Wisconsin Agricultural Exper- 
iment Station. This work was supported in part by grants from the Xalional Dair>’ 
Council, on behalf of the American Dairy Association, and the Wander Company, 
Chicago, IlHnoia. We are indebted to Merck and Company, Inc„ Rahway, New 
Jersey, for the generous supply of cr>'stallinc B vitamins, and to the Abbott I>abora- 
tories, Xorlh Chicag<i, Illinois, for the generous supply of haliver oil. 
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in the diet (Table I). The composition of the different basal diets was as 
follows: 

Low protein High proteio 


Sucrose 83 78 

Protein 10 15 

Corn oU 3 3 

Salts IV 4 4 

Z(-)-Cystine 0.15 0.15 


The final ration was prepared by mixing 60 parts of each of the above 
rations and 40 parts of corn grits. The vitamins in these and ensuing 
rations were added in the following amounts per 100 gm. of ration: thi- 
amine 0.2 mg., riboflavin 0.3 mg., p 3 ’’ridoxine 0.25 mg., calcium panto- 
thenate 2.0 mg., choline 100 mg., 2-methyl-l, 4-naphthoquinone 0.1 mg., 
inositol 10 mg., and biotin 0.01 mg. Vitamins A and D were supplied as 
halibut liver oil, 2 drops every week, together with vitamin E, 1 mg, per 
week per rat. The basal rations in this and the following series contained 
practically no nicotinic acid unless added as indicated. 

Weanling male rats of the Sprague-Dawley strain, 35 to 45 gra. in weight, 
were used throughout. At least three rats were used in each group in 
all experiments, and most groups were repeated to confirm the results. 
The range of growth for all animals is given in parentheses in Tables I and 
III. The tryptophane content of the rations was calculated from the 
figures available in the literature (5) (the value for casein of 1.1 to 1.2 
per cent has been verified in this laboratory). 

When egg albumin, fibrin, and soy bean globulin were used as proteins, 
the addition of corn grits had no growth-inhibiting effect at either the 
lower or upper level of protein, and the addition of nicotinic acid did not 
cause any significant increase in growth. This is in marked contrast to 
the results obtained with casein at comparable levels (2). This difference 
is undoubtedly dependent upon the higher tryptophane content in these 
proteins as compared with casein. Lysine, arginine, glycine, and methi- 
onine were tried at levels of 0.5 per cent in corn-supplemented diets with 
casein as the protein but all were ineffective in promoting gi'owth. This 
further emphasizes the specificity of tryptophane. 

Since previous results (3) indicated that alterations in the intestinal 
flora might be responsible for the action of corn in retarding growth, further 
attempts were made to duplicate these observations with non-com-con- 
taining rations. It was further hoped that by this means the r61e of 
nicotinic acid in the apparent intestinal synthesis of tr^’-ptophane could 
be clarified. 

Originally it had been planned to prepare a ration analogous to the 
corn-supplemented ration with respect to casein (f.c. a 9 per cent level of 
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casein) but since this level of casein supplies a suboptimum amount of 
several of the essential amino acids other than tr>T)tophane it was decided 
also to prepare a second basal ration vith 6 per cent gelatin in addition 
to 9 per cent casein* Although experiments conducted at about the same 
time with wheat gluten and gelatin (3) indicated that undesirable growth 
might occur when nicotinic acid and toTtuphane are simultaneously low, 
it seemed warranted to suppose that a ration composed of 9 per cent casein 
and 6 per cent gelatin would allow better growth than a ration which con- 
tained only 9 per cent protein as casein* It seemed that this ration had 

Table I 


Influence of Different Proteins on Groncih-Retarding Effect of Com Gnts 


Sucrose bisal diet 

Protfin 
ora lent 
(X X 6.25) 

NUcin 

content 

JSS 

Gain per wt. 
inage) 

Protem 

Com 

frits 

KUdn* 




ftr cent 

nf. cent 

, fer cent 

xw. 

10% fibrin 



10.0 

<0 01 

340 

17 (12-21) 

10% " 



9.6 

0.25 

226 

19 (17-23) 

10% 


-h 

9.6 

1.25 

226 

W (lS-20) 

15% . 



15.0 

<0.01 

510 

27 (21-32) 

15% » 

-r 


12.6 

0 25 

33S 

23 (20-28) 

15% “ 



12.6 

1.25 

338 

S 23 (21-24) 

10% egg albumin .... 


— 

10. 0 

<0.01 

140 

15 (13-18) 

30% “ 

-h 

~ 1 

9 6 

0.25 

106 

13 (11-14) 

13% “ ... 1 

-f ; 

-f. 

9.6 

1 25 

106 

14 (12-15) 

35% - 1 

— 

— : 

35.0 

<0.01 

210 

19 (18-19) 

15% , ! 

4- 1 


12.6 

0.25 

148 

17 (14-21) 

15% “ “ : . . . . 

“f 

4* 

‘ 12.6 1 

1.25 

148 

18 (18-19) 

15% soy bean globulin . 

— ' 

i - 

15.0 

<0.01 

240 

12 (10-16) 

15% “ » “ . . 

-U 


12.6 

0.25 

166 

12 (11-13) 

35% “ “ 

4- 

1 4- 

12.6 

3.25 

166 

12 (7-16) 


* Niacin was added at a level of 1 mg. per 100 gm. of ration. 


the further advantage of increased total protein %nthout disturbance of 
the tryptophane content of the ration, which remained at 108 mg. per 
cent. 

However, the growth results obtained wdth the rations suppl>iDg the 
two levels of protein were quite different than what had been anticipated. 
Growth on the 9 per cent casein diet was surprisingly good regardless of 
the addition of either nicotinic acid or tiyptophane, whereas growth on 
the ration containing 6 per cent gelatin in addition to the 9 per cent casein 
was extremeh^ poor. More important, however, is the fact that nicotinic 
acid at a level of 1.5 mg. per cent or tr>q)tophane added at a level of 50 mg, 
per cent counteracted this poor growth in a manner exactly analogous to 
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that experienced TOth the com rations. The composition of tliese rations 
and the others used in the rest of the experiments is shown in Table II. 
The growth results described above are summarized in Table III, Groups 
1 through 16. 

Inasmuch as the kind of carbohydrate employed in the corn rations had 
markedly influenced the extent of the growth depression on the corn rations, 
attempts were made to see whether the same carbohydrate effects could 
be observed when non-corn rations were employed. It is evident (Table 
III, Groups 8, 11, and 14) that dextrin, glucose, or corn-starch did not 
have as marked an influence in counteracting the growth depression re- 
sulting from the casein-gelatin diet as they had in the previous corn- 
supplemented rations (3). This might be due to the slightl^’^ lower trj'^pto- 
phane content of the present rations. 

Previous results with a wheat gluten-gelatin ration (3) had been thought 
to be due at least in part to a concomitant lysine deficienc}". However, 
analytical data indicated that the ration also supplied inadequate amounts 
of other amino acids. To overcome these possible deficiencies, acid- 
hydrolyzed fibrin prepared according to the method of Berg and Rose (6) 
was added to the wheat gluten basal ration at a level of 2 per cent. It 
will be noted that this preparation did not increase the tiyptophane content 
of the ration because of the destruction of this amino acid during acid 
hydrolysis. L3'’sine was also added as indicated to bring the level of this 
amino acid to 1 per cent of the ration. As was the case with casein and 
gelatin, the addition of 2 per cent acid-hydrotyzed fibrin resulted in growth 
retardation, which was in this case partially corrected hy lysine but com- 
pletely so by either nicotinic acid or tryptophane (see Table III, Groups 
17 through 22). "Wlien gelatin at levels of 6 or 10 per cent was added to 
the wheat gluten ration in addition to 2 per cent acid-h 3 '’drolyzed fibrin, 
the growi:h depression w'as additive and was corrected by tryptophane or 
nicotinic acid, whereas lysine was ineffecti\"e (Table III, Groups 23 through 
28). It appears that somewhat higher levels of tryptophane ^YOuld be 
required to overcome the combined deleterious effect of 10 per cent gelatin 
and 2 per cent fibrin hydrol 3 '’sate. 

In a simultaneous experiment acid-hydrol 3 ’' 2 ed fibrin was added at a 
level of 2 per cent to the 9 per cent casein ration in an attempt to supply 
more nearly adequate amounts of the essential amino acids lysine, his- 
tidine, and threonine, but again very poor growth was obtained. The 
addition of more histidine and bvsine did not improve growth and not 
until either nicotinic acid or tr 3 "ptophane was added did good growth 
result (see Table III, Groups 29 through 33). The further addition of 
either 3 or 6 per cent gelatin to this basal ration gave evidence of an addi- 
tive growth-retarding action inasmuch as nicotinic acid did not correct 
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Table III 


Growth EcsiiUs on Yariom Diets 


Group 

No, 

Ration N'o. 

(Table 11) 

Diet 

Added 

niacin* 

Added 

trypto- 

phantt 

Gain pernk. for 
4 wks (range) 






XW. 

1 

1 

Sucrose, casein 



15 (12-16) 

2 

2 

Dextrin. 



23 (20-28) 

3 

3 

Glucose, ** 



21 (19-23) 

4 

4 

Corn-starcli, caicin 



26 (24-29) 

5 

5 

Sucrose, casein, gelatin 



3 (2- 5) 

6 

5 

i< <f a 



18 (16-21) 

7 

5 

ti .r 


+ 

24 (21-28) 

8 

6 

Dextrin, “ 



10 (8-14) 

9 

6 

t( t( ,i 



24 (21-29) 

10 

G 

it tt ti 


+ 

21 (20-30) 

11 


Glucose, “ 



11 (7-14) 

12 


n (t tt 



21 (19-23) 

13 


tt tt tt 



20 (19-20) 

14 


Corn-starch, casein, gelatin 



10 (8-11) 

15 


tt tt ft 

+ 


20 (18-22) 

16 


tt tt ti 


+ 

22 (20-24) 

17 

9 

Sucrose, w^heat gluten, lysine 



17 (15-18) 

18 

9 

it it ft tt 

+ 


16 (15-17) 

19 

10 

" “ " fibrin 



4 (3-5) 

20 

10 

“ “ ** lysine 



14 (13-15) 

21 

10 

ft tt tt tt tt 

+ 


20 (17-24) 

22 

10 

ft tt tt tt tt 

1 

1 

+ 1 

21 (10-23) 

23 1 

11 

' “ “ gelatin, 

1 


6 (5- 7) 



lysine 




24 i 

11 

tt tt 



18 (16-20) 

25 1 

11 

tt tt 


+ 

23 (20-25) 

26 

12 

tt tt 


1 

! 5 (4- 5) 

27 

12 

It tt 

+ 


20 (14-24) 

28 1 

12 

tt tt 


d- 

14 (12-16) 

29 

1 

Sucrose, casein, lysine, histidine 



20 (16-24) 

30 

13 

'' fibrin 



2 (2- 3) 

31 1 

13 

“ lysine, histidine 



4 (3-6) 

32 

13 

tt tt tt tt it 

+ 


20 (13-26) 

33 

13 

tt tt tt tt ft 



22 (20-24) 

34 1 

14 

** “ gelatin, lysine, 



3 (2- 5) 



histidine 




35 

14 

it ft 

+ 


18 (16-19) 

36 

14 

it tt 


+ 

26 (22-29) 

37 

15 

tt ti 



.5 (3- 5) 

38 

15 

tt tt 



15 (14-17) 

39 

15 

tt (t 


+ 

22 (21-23) 

40 

15 

tt tt 


+ 

24 (22-27) 

41 

16 

Sucrose, casein, zein, l^^sinc, histidine 



3 (2- 5) 

42 

16 

ft tt tt tt it 



22 (21-24) 

43 

16 

tt tt tt it tt 


+ 

23 (20-25) 

44 

1 

De.xfcrin, ** ** ** 



12 (S-16) 
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Table III — Concluded 

Lysine and histidine refer to ^(4-) -lysine and ?(*“) -histidine respectively, which 
were added as the hydrochlorides in such amounts as to supply the minimum require- 
ment of each; 1.0 and 0.4 per cent respectivelj'. Fibrin refers to fibrin hydrol- 
ysate, 

• Niacin added at a level of 1.5 mg, per cent. 

t Tryptophane added at a level of 50 mg. per cent except for Group 40 for which 
the level was 100 mg. per cent. 

this growth depression as adequately as before and since larger amounts 
of tryptophane seemed to give somewhat better growth (see Table III, 
Groups 34 through 40). 

Although the 17 per cent wheat gluten rations contain a little more 
tryptophane than the 9 per cent casein ration, t.c. 120 and 108 mg. per 
cent respectively, results obtained with these two proteins plus trypto- 
phane-free proteins were remarkably comparable. 

From the above results it is quite clear that rations which are deficient 
in nicotinic acid and marginal in their tnqjtophane content arc inadequate 
for good rat growth. 

Since this is the condition that prevails in corn-supplemented rations, 
the effect of zein, the principal protein in com, was tested by adding it 
at a level of 3 per cent to a 9 per cent casein ration at the expense of car- 
bohydrate. (This level of zein is about that contained in the corn-supple- 
mented ration.) The very poor growth obtained with zein (Table III, 
Group 41) unless nicotinic acid or tryptophane is added (Table III, Groups 
42 and 43) extends the obsers’^ations made with gelatin and acid-hydrolyzed 
fibrin and indicates quite strongly that the deleterious action of com in 
creating a nicotinic acid deficiencj' or increased tryptophane requirement 
in the rat is intimately related to the protein or more correctly to the 
distribution of the a-amino acids in the protein of this cereal. 

DISCUSSION" 

The addition of com grits to diets containing fibrin and egg albumin 
reduced tb'* ^rotein level from 15 to 12.6 per cent and caused a very slight 
decrease in the growth of rats. This decrease, however, was not prevented 
by nicotinic acid, and cannot be compared to the drastic grov"th retardation 
which prevails when casein is used at comparable levels. The protective 
action of fibrin and 15 per cent egg albumin can be attributed to their 
respective tryptophane contents. Growth on the 10 per cent egg albumin 
ration was quite poor and consequently little can be smd concerning the 
effect of com grits. 

The present observations confirm the findings of Hegsted et at. (7) that 
the tryptophane requirement of the growing rat under normal conditions 
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is considerably less than the level of 0.2 per cent set by Rose (8). It 
should be noted, however, that the diet used by Rose in establishing this 
level was a relatively high fat, high calorie diet, while the diets employed 
here are low in fat. That the definition of normal conditions can be some- 
what ambiguous is exemplified by the above results in which the tiypto- 
phane requirement of the rat on a nicotinic acid-free diet was increased 
from about 0.1 per cent or less of the ration to about 0.15 per cent simply 
by increasing the concentration of total protein. The use of dextrin in 
place of sucrose apparently decreases the tiyptophanc requirement. Since 
the rat does not require a dietary source of nicotinic acid, the use of the 
ration free of this vitamin could not be considered abnormal. 

Although the growth-inhibiting effect of com can be attributed to the 
character of the protein which it contains, the solution of the problem of 
why an increased concentration of certain amino acids on a nicotinic acid- 
low diet gives poor growth and precipitates an increased need for tiypto- 
phane remains to be answered. 

Of considerable interest is the finding b}'' Martin (9) that 2 per cent 
succinylsulfathiazole in diets containing casein, enzymatic casein digest, 
or a mixture of ten essential amino acids respectively resulted in great 
weight loss and death when the ten essential amino acids were the source 
of nitrogen. GroAvth on the other two diets was not markedly affected. 
Martin interprets these results by suggesting that intestinal bacteria must 
synthesize amino acids essential to the host which are not present in the 
mixture of the ten known essential amino acids. 

If it is true that intestinal bacteria play a r61e in the s 3 mthesis of trypto- 
phane, then it is reasonable to think that the intestinal flora could be so 
altered in its sjmthetic capacit}'' as to be reflected in an increased dietary 
requirement. The presence or absence of nicotinic acid could be influen- 
tial in such an alteration. It is possible too that the bacterial flora under 
certain conditions destroys or prevents the utilization of tryptophane, there- 
by increasing the dietary requirement from about 0.1 per cent to about 
0.15 per cent. 

Hier ci aL (10) reported a failure to realize optimum growth with gelatin 
supplemented with essential amino acids in which gelatin is lacking. This 
growth failure was attributed to the toxicity of certain specific amino 
acids. Gelatin as a substitute for plasma proteins has been shown to have 
a limited ability to contribute to the s 3 mthesis of plasma protein and hemo- 
globin in dogs and toxicities are evident on prolonged administration (11). 

A direct toxicity would hardly explain the present results, since good 
growth can be obtained when relatively small amounts of tiyptophane and 
nicotinic acid arc added to the ration. 

The present findings suggest that the effectiveness of synthetic mixtures 
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of amino acids or protein digests might be impaired if precautions are not 
taken to suppl3' adequate amounts of tOT^ophane and nicotinic acid- 
It is also suggested that the usuall3’' effective supplemental action of certain 
proteins ma3^ be thwarted under conditions of nicotinic acid deficienc3'. 

STJMMAHY 

The deleterious action of com grits in a s3Tithetic diet was prevented 
when fibrin, egg albumin, or soy bean globulin was used in place of casein- 
This protection is attributed directl3^ to the more adequate amount of 
tiyptophane supplied b3'’ these proteins- 

A s3Tidrome analogous to that produced b3’ com was duplicated uith 
non-com-containing rations b3" adding tnqjtophane-free proteins or an 
acid-h3"dro]3'zed protein to nicotinic acid-low rations which also contained 
marginal amounts of tr3'ptophane. In a similar manner the growth- 
inhibiting effect of com was shoTvm to be lelated to the nature of its protein. 

Possible explanations of these observ^ations are discussed. 
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THE ISOLATION AND IDENTIFICATION OF A NATURAL 
PRECURSOR OF CHOLINE 

BtN.H. HOROWITZ 

{From the School of Biological Sciences, Stanford University, California) 

(Received for publication, December 13, 1945) 

Pre\ious papers (1, 2) have described two artificially produced choline- 
requiring mutants of Neurosporo crassa. These mutants are designated 
as strain 34486, or cholineless-1 , and strain 47904, or cholineless-3. Each 
strain carries a mutation of a different single gene concerned with the syn- 
thesis of choline. The effect of the mutations is a complete (strain 34486) 
or partial (strain 47904) failure in the ability of the mutants to synthesize 
choline. No, or little, growth takes place on an unsupplemented basal 
medium, but both strains attain a growth rate comparable to that of the 
wild type in choline-supplemented media. La addition to choline, a number 
of choline analogues are active in promoting growth of the mutants (2). 

In the preceding paper (2) the accumulation in cultures of cholineJess-2 
of a substance which promotes the growth of cholineless-1 was reported. 
Growth curves obtained with choline-free concentrates of the substance 
resembled those given by monomethylaminoethanoL Because of the 
fmlure to obtain an active picrolonate or chloroplatinate from the con- 
centrates, however, it was tentatively concluded that the substance is not 
identical with monomethylaminoethanoi. The isolation and identification 
of the factor have now been completed, and the previous concluaon has been 
found to be erroneous. The substance is, in fact, N-monomethylamino- 
ethanol, CHsNHCHjCHsOH. The eailicr failure to obtain active precipi- 
tates with picrolonic and chloroplatinic acids was in all probability due to 
interfering impurities in the orig^al concentrates. 

The accumulation of monomethylaminoethanoi by strain 47964 is evi- 
dently the consequence of a block which prevents its normal conversion 
to choline and indicates that this substance is an intermediate in the synthe- 
sis of choline by Neurospora. The fact that monomethylaminoethanoi can 
replace choline for strain 34486 but not for strain 47964 is consistent with 
this interpretation and proves that the synthesis is blocked at different 
stages in the two mutants. The results thus support the hypothesis that 
a 1 : 1 correspondence exists betw’een genes and biochemical reactions (3). 

EXPERlMECTAIi 

Methods — The basal medium used in these experiments was that pre- 
viously described (1). Unless otherwise indicated, growth studies were 
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carried out in 125 ml. Erlenmeyer flasks containing 20 ml. of medium. The 
incubation period was 72 hotirs at 25®, following which the mycelium was 
dried and weighed. For further details sec the paper of Horowitz and 
Beadle (1). 

Accumulation of Precursor — The production of the active substance by 
strain 47904 can be demonstrated by adding a fe^v ml. of medium on which 
this strain has grow to a larger quantity of the basal (choline-free) medium, 
sterilizing, and inoculating Avith strain 34486. The growth which results 
indicates the presence of the choline precuisor. In this test, advantage 
is taken of the fact that strain 34486 is one-fifth to one-tenth as sensitive 



Fig. 1. Accumulation of choline precursor in cultures of strain 47904^ Open 
circleSj growth of strain 47994 with time; solid circles, increase of precursor with time, 
as measured by 72 hour growth of strain 34486. For further description see the text. 

to choline as is strain 47904. By proper adjustment of the concentration of 
choline in the medium used for growing strain 47904, the amount of choline 
subsequently carried over in the test sample can be made negligible in 
terms of growth acti\dty for strain 34486. 

Filtrates of the medium in which strain 34486 has grow show no activity 
for strain 47904 beyond what may be expected from the choline carried 
over. 

The increase of the active material uith time is show in Fig, 1. In 
this experiment, strain 47904 was inoculated into 250 ml. Erlenmeyer 
flasks containing 25 ml. of basal medium plus 1 7 of choline. The flasks 
were incubated at 25°, and the mold was harvested at the indicated time 
inteiwals, dried, and weighed. The filtrates were tested for active material. 
5 ml. of filtrate were added to 20 ml. of the basal medium, autoclaved, and 
inoculated -with strain 34486. After 72 hours incubation at 25°, the mold 
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was harvested, dried, and it\eighed. Fig. 1 shows the gro^vth of strain 
47904 with time, together ’with the increase in actmty of the filtrate as 
measured by the growth of strain 34486. It will be noted that no acthit 3 ' 
was obsen’ed in the filtrate before 7 daj-s. This apparent lag reflects the 
limit of sensithity of the test method as well as the fact, established in 
later experiments, that the active material is more highh- concentrated in 
the mold than in the medium. The findmgs suggest that an intracellular 
threshold maj' exist for the substance, below’ which no appreciable spilling 


TABLf I 

Procedure for Isolalxon of Monomethijlaminoelhanol from ^eurosjpora 


TresLtment 

Active fraction 

Mycelium homogenized ^\lth i\ater in Wanng blondor, ex- 
tracted w^th boding w ater, filtered 

Filtrate 

Filtrate concentrated under reduced pressure, poured into 5 
\olumes methanol, chilled in refrigerator, ppt filtered off 


Filtrate concentrated to about 100 ml , 1 ^ olumc saturated 
aqueous Kcineckc salt added; chilled in refrigerator, 
filtered 

ft 

Excess reineckatc ion ppld from filtrate mth sih cr nitrate; 
filtered 

tt 

Filtrate brought to pH 10 with XaOH, distilled under re 
duced pressure until ammonia free (Xessler's test) , made 

2 N in XaOH, extracted with 1 x olume H;0 saturated 
but>l alcohol on mechanical shaker, butxl alcohol extrac 
lion repeated 7 times 

But>l alcohol phase 

Butjl alcohol extract distilled under reduced pressure (3S 
mm Hg) j 

Distillate 

Distillate extracted with dilute HCI 1 

Aqueous phase 

Aqueous phase concentrated to few ml , made strongl> alka- 
line with KOH, distilled under reduced pressure i 

Distillate 

Mkaline distillate brought to pH 6 5 wnth saturated alco- 1 
holic picrolomc acid , soh ents distilled off, residue reciy s- I 
tallizcd 3 times from absolute alcohol 

Yellow needles 


o\er mto the medium occurs The decrease in dr>' weight of strain 47904 
after 13 days incubation is probably due to autolysis following exhaustion 
of the medium, a phenomenon which is regularh’ obsen’ed in old cultures of 
Neurospora 

Isolation of Monomethylaminoeihanol — For the isolation of the acti\e 
factor, stram 47904 was gro’wn in 5 gallon Pyrex carbon’s containing 16 
liters of basal medium plus 2 mg. of chohne chloride The carbon’s were 
incubated at 25*^ under forced aeration (10 hters of air per carboj’ per min- 
ute). At the end of 10 days the mold was filtered off through cheese cloth 
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and excess medium squeezed out. 400 to 500 gm, of moist mycelium were 
usually obtained from each carboy. With the growth of strain 34486 as 
an indicator of the active substance, the mycelium was fractionated by 
the procedure sho^^^l in Table I. The substance can be isolated from the 
medium by essentially the same procedure, but in this case the yield per 
carboy is less than 25 per cent that obtained when the mycelium is used as 
the starting material. 

The active factor was isolated in the fonn of its picrolonate, crystallizing 
as yellow needles from alcohol; m.p. 225-226° (uncorrected) with decom- 
position. Yield, 300 mg. per kilo of moist mold. Elementar}’’ analysis 
showed the following. 


CiHBNO-CioHsN^Oi. Calculated. C 46.00, H 6.05, N 20.65 
Found. 45.94, ” 5.28, ” 20.45 

The melting point of synthetic monomethylaminoethanol picrolonate was 
found to be identical vith that of the isolated material. The mixed melting 
point showed no depression. The observed melting point is considerably 
below the value of 239° reported by Matthes (4), but repeated recrystal- 
lization of both the synthetic and natural substances has failed to raise 
their melting points above 226°. 

The biological activities of the natural and synthetic compounds were 
found to be the same. Both are inactive for strain 47904, which produces 
the substance, and are equally active, within the limits of experimental error, 
for strain 34486 (Fig. 2). The data of Fig. 2 were obtained ^vith the un- 
decomposed picrolonates. Separate experiments have shovTi that the 
picrolonate ion has no effect on the growth of the mutants in the con- 
centrations used here. 

The finding that monomethylaminoethanol recrystallized through the 
picrolonate is inactive for strain 47904 corrects a previous report (2) that 
monomethylaminoethanol has activity for this mutant. The earlier finding 
apparently resulted from the presence of a small amount of active impurity’' 
in the sample of the free base used in the experiments. This sample, b.p. 
158-159°, Avas prepared from commercial reagents by the method of Ivnorr 
and Matthes (5). 

The presence of an impurity in the sample was first suspected following 
the isolation from strain 47904 of the natural substance in the form of its 
mercuric chloride double salt. This salt was the first crystalline derivative 
of the natural precursor to be obtained. On the basis of melting point 
(126°), elementary analysis, and x-ray photographs (kindly taken by 
Professor Linus Pauling and Mr. A. M. Soldat) it Avas determined that the 
material was monomethylaminoethanol-mercuric chloride double salt. 
HoAA^ever, the biological activity of the natural material for strain 34486 Avas 
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onlj^ 50 to 60 per cent as great as that of the synthetic substance. In ad- 
dition, the synthetic compound showed some activity for strain 47904, 
while the isolated compound did not. Since recrystallization of the picrol- 
onates results in compounds with identical activities for strain 34486 and no 
actmty for str^ 47904, it is concluded that a trace of an active impurity 
was present in the ori^nal synthetic material. The identity of the impurity*" 
is unknown. 

Adiviiy of Dimeihylaminoethanol and Choline — Dimethylaminoethanol 
is equally active for both choUnde^s mutants in liquid media, while choline 
is 5 to 10 times as active for strain 47904 as for strain 34486 (2). Recrystal- 
lization of dimethylaminoethanol through the picrolonate does not signi- 
ficantly alter its activity for the strains. The high sensitivity to exogenous 



Fig. 2. Growth of strain 3t4S6 on synthetic monomethylaminoethanol picrolonate 
(open circles) and on the picrolonate of the natural precursor (solid circles). 

choline of str^ 47904 is interpreted (2) as due to the incomplete blocking 
of choline synthesis, so that even on an unsupplemented medium slow 
growth of the mutant occurs. Tins view is corroborated by the results of 
bioassays on the Reinecke salt precipitate obtained from this strain in the 
course of the isolation of monomethyiaminoethanoL 

The rebaeckates obtained during the working up of 2200 gm. (wet weight) 
of the mutant were imoled and extracted with 50 per cent acetone. The 
insoluble portion was discarded. Reineckate ion was removed from the 
extract as silver reineckate, the solvents were removed by distillation, and 
the residue was extracted with alcohol. The insoluble portion was dis- 
carded and the alcohol distilled from the filtrate. The residue was dissolved 
in water and reprecipitated with Reinecke salt. The precipitate was 
washed with water and alcohol and dried, yielding 325 mg. of crude choline 
reineckate. 

The above preparation was assayed against a standard of pure choline 
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reincckate by use of botli cholinclcss mutants. The results of the two 
assays were in close agreement, 4G.4 and 4G.5 per cent choline reineckate, 
respectively. Since the sensitivities of tlic two strains to choline are very 
diflferent, the closeness of the agreement in the two assays is strong evidence 
that choline is the active substance in the Reineckc precipitate. Cal- 
culated as choline chloride, the precipitate contained 49.8 mg. of choline 
chloride. Since a total of onl}*' 12 mg. of choline chloride was originally 
added to the medium in whicli the mutant was gi’cvn, this represents a 
4-fold increase in choline content. It is concluded that strain 47904 
synthesizes choline. It may bo assumed that the choline isolated represents 
only a fraction of the total synthesized, since little, if any, phosphatidyl 
choline would be obtained by the procedure cmplo 3 Tfl. 

niscussiox 

The foregoing results indicate that cliolinc s^mtliesis in tlie two mutants 
is blocked at two different stages. In strain 3448G the block precedes 
monomethylaminoethanol, so that the mutant cannot synthesize this 
intermediate but can utilize it for choline synthesis if an exogenous supply 
is available. If it is assumed that monomethylaminoethanol is synthesized 
from aminoethanol in Nciirospora, then tlic block in strain 34486 occurs 
♦ between these two compounds. This follows from the fact that the mutant 
cannot convert aminoetlianol to choline (J). 

In strain 47904 a i)artial block exists between monomethylaminoethanol 
and choline. This mutant can s 5 mthesize monomethylaminoethanol but 
is unable to convert it to choline at the noimal rate; as a result, the inter- 
mediate accumulates in the cells and, eventually, in the medium. The 
addition of monomethylaminoethanol to the medium is without effect on 
the gro\vth rate, since the mechanism for converting it to choline is already 
saturated. If it is assumed that dimethyJaminoethanol is the intermediate 
between monomethylaminoethanol and choline, then the block in strain 
47904 occurs between mono- and dimethylaminoethanol, since the latter is 
readily utilized for growth. These relations are shoum in the accompany- 
ing diagram, where hypothetical intermediates are bracketed; arrow’s in- 
dicate the points of blocking. 



[NH-CHjCHiOH] 

Aminoethanol 

Strain 34486 ^ 

i 



CHjNHCHiCHjOH 

Monomethylaminoethanol 

Strain 47904 

1 

[(CH,)5NCHjCH.OH] 

i 

(CH,),N(OH) CH.CH.OH 

Dimethylaminoethanol 


Choline 
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There is some evidence that the block in strain 47904 also affects the 
conversion of dimethylaminoethanol to choUne. T^lien gromi on agar, 
strain 47904 does not utilize dimethylaminoethanol as readily as does strain 
34486 (2). In liquid culture, dimethylaminoethanol is equall 3 ' active for 
both mutants; yet if its rate of conversion to choline were the same in both 
mutants, less should be required to produce maximum gronth in strain 
47904 than in strain 34486, since the block in strain 47904 is not complete. 
A possible explanation of these findings rests on the assumption that the 
same enzyme sj'stem catab'zes the meth^dation of both mono- and dimethjd- 
aminoethanol. Any alteration of the enzyme would be reflected in the rates 
of both reactions, though not necessarily to the same extent in both. 

This research was supported bj; a grant from the Rockefeller Founda- 
tion. I am indebted to Professor Linus Pauling and !Mr. A. Al. 
Soldat of the California Institute of Technolog>' for x-ray photographs of 
natural and s^mthetic monomethjdaminocthanol-mercuric chloride double 
salt. Sjmthetic mono- and dimethjdaminoethanol were prepared hy Dr. 
David Bonner. 


SUMMARY 

As the result of single gene mutations, strains 3448(i and 47904 of iVeuro* 
spora crassa have lost the abilit 3 % possessed b3" the wild t3’pe, to S3Tithesize 
choline. The synthesis is blocked at different stages in the two mutants, 
as shoum by the* fact that strain 47904 produces a substance which is in- 
active for itself but which promotes the gro\rth of strain 34486. The sub- 
stance has been isolated from cultures of strain 47904 and identified as 
monometh 3 daniiaoethanol. This substance is therefore a normal inter- 
mediate in the synthesis of choline hy Neurospora, The block in strain 
34486 precedes monometh 3 daminoethanol, while the block in strain 47904 
follo\vs it. The results throw light on the biolo^cal S 3 Tithesis of choline 
and support the h 3 T)othesis of a simple relationship between genes and 
catab’zed reactions. 
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THE DETERMINATION OF INORGANIC PHOSPHATE IN THE 
PRESENCE OF LABILE PHOSPHATE ESTERS 

By OLIVER H. LOWRY akd JEANNE A. LOPEZ 

(From the Ditizion of Kuiriiion and Physiology, The Public Bealth Research Inslitute 
of the City of New Yorh, Inc,, New York) 

(Received for publication, Hecember 18, 1945) 

Labile phosphate esters such as phosphocreatine, acetyl phosphate, and 
ribose- 1-phosphate (1) have assumed great biological importance. These 
esters are so unstable that they are split with great rapidity by the reagents 
commonly used for inorganic phosphate determination. Therefore, the 
usual inorganic phosphate measurements in tissue extracts, etc., actually 
represent the sum of the inorganic phosphate and the phosphate of these 
labile esters. In order to determine the labile esters it has usually been 
necessary to perform a prior removal of inorganic phosphate hy precipita- 
tion (2). By working verj’' rapidly, Fiske and Subbarow (3) were able to 
measure inorganic phosphate in the presence of phosphocreatine, but, due to 
the speed of the reaction, this procedxire has been difficult to use. The 
detection and determination of such esters would become very simple if it 
were possible to determine inorganic phosphate in their presence, since the 
labile phosphate could then be measured by the inorganic phosphate liber- 
ated as the result of very mild hydrolysis. 

It has been found possible to establish conditions imder which inorganic 
phosphate can readily be determined in the presence of labile esters. In 
addition to describing the procedure, data are presented as to the speed of 
hydrolysis of several of the labile esters under the prescribed conditions - 

Method and Procedure 

Phosphomolj'bdic acid is much more readily reduced to blue molybdous 
compounds than is molybdic acid itself. This fact is the basis of most 
colorimetric methods for inorganic phosphate. In the well known Fiske 
and Subbarow procedure (4) this reduction is effected in 0.5 N sulfuric acid 
by means of bisulfite with 1 ,4-aminonaphthoIsuifonic acid as a catalyst. 
In the present determination the following changes from the ori^nal Fiske 
and Subbarow procedure are made. The pH is shifted from 0.65 to 4,0, 
the molybdate concentration is reduced from 0.25 per cent to 0.1 per cent, 
and ascorbic acid is substituted for the original mixture of bistd6te and 
1,4-aminonaphtholsulfonic acid. Under these conditions the labile esters 
are much more stable than *svith the reagents prescribed by Fiske and Sub- 
barow. The use of ascorbic acid as a reducing agent in the determination 
of phosphate, but at a strongly acid pH, has been previously described (5). 
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The sample to be analyzed is deprotcinized under conditions 'which ^^il{ 
not hydrolyze the particular ester; c.jr., ice-cold 0.3 N (5 per cent) trichloro- 
acetic acid or 0.3 n (3 per cent) perchloric acid, or, particularly with very 
labile esters, saturated ammonium sulfate which is 0.1 n in acetic acid and 
0.025 N in sodium acetate (pH 4). If either of the acid precipitants is used, 
the extracts are rapidly brought to pH 4 to 4.2 by adding 4 volumes of 0.1 n 
sodium acetate. Most of the labile c.sters arc reasonabi}'' stable at this pH. 
The extracts arc diluted with acetate bulTer of pH 4 (0.1 K acetic acid, 0.025 
N sodium acetate) until the inorganic phosphorus is 0.015 to 0,1 mM (0.05 to 
0.3 mg. per cent of P), Ammonium sulfate extracts should be diluted at 
least 5-fold. To each volume of extract is added 0.1 volume of 1 per cent 
ascorbic acid and 0.1 volume of 1 per cent ammonium molybdate in 0,05 x 
sulfuric acid. Readings arc made at 5 and again at 10 minutes after the 
molybdate addition at a wave-length of 700 m^. (Any wave-length be- 
tAveen G50 and 950 is satisfactory.) Simultaneous readings are made on 
a 0.05 mM standard and a blank, both of the same composition, as far as 
possible, as the unknown. If a difference is observed in the unknown read- 
ings at 5 and at 10 minutes compared to the standard, the values are extra- 
polated to zero time. The ascorbic acid and mol^^bdate ma)" be combined 
before addition but must then be used within 15 minutes. 

In the presence of certain tissue extracts, the reaction is delayed, in 
which case an internal standard must be used. A standard amount of in- 
organic phosphate is added to a duplicate tissue aliquot, and values of the 
unknown are calculated from the difference between the readings of the 
unknown and of the unknown with added phosphate. The inhibitory 
effect may be partially o\^erconie by dilution. For example, in order to 
avoid undue inhibition, brain and muscle extracts should be diluted to a 
volume 150 to 250 times that of the tissue, and liver extracts to a volume 
300 to 500 times that of the original li^^er. In addition, the molybdate 
concentration may be increased to 0.15 per cent; f.c., 0.1 volume of 1.5 per 
cent ammonium molybdate in 0.05 n sulfuric acid is added in place of the 
1 per cent solution. This results in an acceleration of color development. 
In studying isolated enzyme systems, this problem of inhibition is ordinaril}' 
not encountered. 

The ascorbic acid concentration may be increased, if necessar 3 '’, to accel- 
erate the reaction, but Avith final concentrations greater than 0.2 to 0.3 per 
cent the readings of the standard increase unduly Arith time. The final pH 
may be varied, if desired, betAA'een 3.5 and 4.2. 

DISCUSSION 

The folloAving obserA’^ations suggested the possibility that inorganic phos- 
phate might be determined under conditions Avhich Avould be less likely to 
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hydrolyze labile phosphate esters. As the acidity of a mixture of molybdic 
acid and reducing agent is progressively changed, an interesting phenom- 
enon occurs (Fig. 1). Molybdic ^acid itself is reduced at intermediate pH 
levels, resulting in a large and progressive blank. With further increase m 
pH, molybdate is no longer reduced; yet phosphomolybdate may still 
undergo reduction. Thus, with aminonaphtholsuifonic acid and bisulfite 
as reducing agents, a large reagent blank is encountered between pH 0.8 
and 1,8, and with the stronger ascorbic acid reducing agent, the reagent 
blank becomes very large between pH 0.9 and 2,8 (Fig, 1) . Phosphomolyb- 
date continues to be reduced at a useful ratp as far as pH 3.2 with bisulfite, 
and as far as pH 4.6 with ascorbic acid. Therefore, with the Fiske and 



Fjg. 1. Reagent blank values at different pH levels and useful pH ranges with (a) 
ascorbic acid and <6) biBulfite'aminonaphtholsuUonic acid as reducing agents. 

Subbarow reagents, phosphate may be measured between pH 0.4 to 0.7 
and pH 1.8 to 3.2, and with ascorbic acid between pH 0.4 to 0.9 and pH 2.8 
to 4.G but not at intermediate pH levels. Since acidity accelerates the 
splitting of labile phosphate esters, ascorbic acid with its more nearly 
neutral effective range w*as chosen. Actualh% the less acid pH range with 
ascorbic acid is limited to pH 3.5 to 4.5, since betw’een pH 2.8 and 3.5 color 
continues to develop unduly with time. 

Effect of Ascorbic Acid and Molybdate Concentrations on Color Develop- 
ment — In general, it has been found that the higher the ascorbic acid con- 
centration the more rapid is the reduction of phosphomolybdic acid. If 
the ascorbic acid concentration is too great, the standard continues to 
develop color with time. The concentration recommended, O.l per cent, 
is a satisfactory^ compromise. Decreasing the molybdate concentration 
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tends to slow the rate of color development. Reduction in the concentra- 
tion of molybdate is desirable in order to decrease its catalytic effect in 
splitting phosphocreatinc or acetyl phosphate; however, the concentration 
cannot be reduced much below 0.05 per cent without inordinate decrease 
in the rate of color development. Indeed, if the concentration is much 
below this figure full color is never developed. It is worth noting that if 
ascorbic acid stands with the weak molybdate reagent at pH 4.0 before 
phosphate is added the reagent becomes incapable of developing color 
rapidly and the reaction does not proceed to completion. The mechanism 
of this effect is obscure; it is not due to destruction of ascorbic acid. It is, 
therefore, essential that the ascorbic acid and molybdate are not mixed 
together until just before use. 

The reaction is sloAver the higher the pH. With 0.25 per cent molybdate 
the reaction is sufficiently rapid up to pH 4.G. With 0.05 per cent molyb- 
date pH 4.2 is about the practical pbl limit. Since change of hydrogen 
ion concentration has less effect in this pH range on the splitting of phos- 
phate esters than the molybdate concentration, it is desirable to work in 
the more acid region with the lowest permissible molybdate concentration. 

The reaction is accelerated by raising the temperature; for example, the 
reaction is essentially complete in 2 minutes at 35° and G minutes at 25°. 
At 0° almost no color is produced. 

Disturbing Substances — Tlie following concentrations of added substances 
Avere found not to cause disturbing change in color development: sodium 
acetate 0.5 m, sodium sulfate 0.3 m, potassium nitrate 0.3 m, ammonium 
sulfate 0.2 m, sodium chloride 0.15 m, sodium perchlorate 0.15 m, sodium 
trichloroacetate 0.15 M, sodium fluoride 0.13 n, glycine 0.02 sodium 
oxalate or citrate 0.05 m, sodium nitrite 0.004 m, sodium tungstate 0.004 m, 
and ferric chloride 0.003 M. With larger amounts of man}^ of these sub- 
stances *the color development is delayed. This delay can often be over- 
come by increasing the ascorbic acid concentration to 0.2 per cent. Un- 
fortunately, color develops with both aisenate and silicate. Not over 2 mg. 
per cent of arsenate or 0.5 mg. per cent of silicate is tolerable. It is, there- 
fore, necessary to avoid reagents such as sodium hydroxide, which may con- 
tain silicate. In neutralizing acids, sodium acetate is desirable, since it is 
not likely to contain silicate and it buffers the reaction at an appropriate pH. 

PropoTtionaliiy and Rcproducihility — The optical density of solutions 
Avith different amounts pf phosphate is linear from 10 to 75 X 10'® mole per 
liter (0.03 to 0.25 mg. per cent of P). This is equhmlent to extinctions 
(optical densities Avith a 1 cm. light path) from 0.05 to 0.35 at 700 mn- The 
reproducibility in the Beclonan spectrophotometer is dhl or 2 per cent OA'^er 
this range, depending on the concentration. The absorption is essentially 
the same from 700 to 900 myu , Avith a maximum at 8G0 mp. 
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Effect on Labile Esters -— 2 to 4 illustrate tbe li 3 "drol 3 i;ic rates for 
various phosphate esters under different conditions of pH and molybdate 
concentration. The rates were measured at room temperature without 
any attempt at exact temperature control. All of the rates are, of course, 
influenced, somewhat by the temperature/ The accelerating effect of 
motybdate on the splitting of phosphocreatihe and acetyl phosphate has 
been pre\doi3sly observed (2, 4). Phosphocreatine (Fig. 2) is split under 
the conditions described by Fiske and Subbarow for inorganic phosphate 
determination nith a half time of about 4 minutes. At pH 4, with 0.25 



per cent molybdate, the half time is nearty 20 minutes, and ^vith 0.05 per 
cent molybdate at pH 4.0 the half time is about 70 minutes. With acetyl 
phosphate (Fig. 3) in the strong acid reagent the half time of hydrolysis is 
30 or 40 seconds, at pH 4.5 vnth 0.25 per cent molybdate it is 12 minutes, 
and at pH 4 \rith 0.05 per cent molybdate it h approximately 90 minutes. 
It would appear that the change in pH affects both esters to about the same 
degree but that molybdate has a greater relative effect on acetyl phosphate 
than on phosphocreatine. 

Ribose-Fphosphate (Fig. 4) has a half time of about 2.5 minutes in the 
Fiske and Subbarow reagents. The hj^drolysis is much slower at pH 4.0. 
The half time with 0.25 per cent molybdate appears to be over 3 hours. 
Thus, the change in stability with pH is relatively greater for ribose-1- 
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phosphate than for phosphocreatine or acetyl phosphate. Dr. H. 
Kalckar, in this laborator>% has obser\’ed that nioh'bdic acid does not accel- 
erate the splitting of ribosc-l-phosphate. 

Rcprcscniative Tissue Analyses — Rat skeletal muscle and brain were 
analyzed for inorganic phosphorus ^^’ith both the Fiske and Subbarow 
reagent and the ascorbic acid reagent at pH 4.0. The extracts used were 
prepared ^\ith ice-cold ammonium sulfate at pH 4.0 from tissues frozen 
in situ ^ith petroleum ether chilled ^vith solid carbon dioxide. The final 



Fio, 5. Inorganic phosphate in muscle and brain 

reagent was 0.125 per cent in ammonium molybdate and the final tissue 
dilution was about 500-foid. With both reagents approximately the same 
extrapolated values are obtained for inorganic phosphate. This indicates 
the absence of significant amounts of acetyl phosphate (Fig, 5). With the 
ascorbic acid reagent the change in the inorganic phosphate concentration 
is slow enough to make it easy to obtain the initial inorganic phosphate 
value. 


SUAIMARV 

1. A procedure is described for the measurement of inorganic phosphorus 
in the presence of labile phosphate esters. The reaction is based on the re- 
duction of phosphomolybdate by ascorbic acid at pH 4.0. 




428 


DETKRMINATlOiN OF INORGANIC PHOSPHATE 


2. Under the reaction conditions the splitting of pliosphocreatine, acetyl 
phosphate, and ribosc-l-phosphatc is decreased to 5 per cent or less of the 
rate observed in the presence of tlic Fiske and Subbarow reagents. This 
makes possible a simple determination of the concentration of such labile 
esters. 

3. There do not appear to be significant amounts of acetyl phosphate in 
skeletal muscle or brain. 
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A HOMOMOLECULAR SERUM PROTEIN WITH ANO^SIALOUS 
SOLUBILITIES 

Bt AAHON BUNSEN LERNER ano GOODWIN R, GREENBERG 

(From the Department of Physiology and Physiological Chemistry, 
UnivcTsily of Minnesota, Minneapolis) 

(Received for publication, August S, 1945) 

A fiocculent material, shoTO to be a protein, spontaneously precipitated 
from the serum of a patient, J. P., at the Univereity of Minnesota Hospitals 
during the course of routine blood studies in i iiro. 

The conditions under which a protein spontaneously precipitates from 
serum are uncommon. Records of such conditions are even less frequently 
met with; only some half dozen reports of such cases have been made (l*-6). 
Three of these reports were based upon cases in which the serums were ob- 
tained from patients having multiple myeloma. (The precipitated pro- 
teins were not of the Bence-J ones tjT}e.) The other three reports described 
the flocculation of protein from serum of humans suffering either from 
chronic rheumatic infectious arthritis and spondylitis, or from liver disease, 
and from dogs infected with kala-azar. 

Because spontaneous precipitation of protein from serum is a rare 
occurrence, it was considered worth while to undertake the isolation and 
detenrunation of the physical and chemical characteristics of the protein 
that precipitated from the serum of the patient J. P. 

Since the clinical aspects of this exceptional case uilJ be reported else- 
where,^ suffice it to sa}” that the patient was a 58 year-old white male with 
aero purpura of 9 years duration, chronic glomerulonephritis, and conges- 
tive heart failure. 


Isolation 

A 320 ml. sample of the patient's blood was allowed to clot at 37° and 
220 ml. of serum were decanted. Upon cooling the serum to 2°, a fiocculent 
precipitate formed. This was centrifuged at 0° and the supernatant fluid 
poured off. To the precipitate were added 120 ml. of 0.9 per cent sodium 
chloride. By warming to 37°, all but a minor portion (Fraction A) of the 
substance dissolved. The solution was centrifuged at 37° “with the resulting 
removal of the few red cells from the fraction precipitated in the cold. This 
process of purification was repeated three times. In each cose a small 
amount of material insoluble at 37° was formed (Fractions B, C, and D).- 

J To be published by Dr C. J Watson 

* It should be noted that an increased volume of saline did not affect the solu- 
tion of the insoluble portions. 
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When the purified solution "was kept overnight at a temperatui’e of 2®, 
precipitation occurred. The solution Avas centrifuged at 0®, and 120 ml. of 
water were added to the precipitate. All but a negligible portion dissolved 
at 37°. Precipitation was again effected under the same conditions; mz., 
by cooling at 2° for 12 hours. 

The addition of 120 ml. of water to the precipitate resulted in easy solu- 
tion at room temperature. At this point it was discovered that further 
cooling of the solution at 2°, even over a period of several weeks, did not 
bring about precipitation. By drying aliquot parts of solution at 100° for 
3 hours and weighing the residue, it was found that the solution, totaling 
180 ml, contained 0.93 per cent of protein. 

Properties 

The solution gave very strong biuret, xanthoproteic, Millon, and Hop- 
kins-Cole reactions. A quantitative colorimetric biuret analysis, with 
purified horse 7-pseudoglobulin as a standard, showed that the diy residue 
of the solution was entirely protein. The Molisch, Bial, phosphorus, and 
cholesterol tests wore negative. The protein was heat-coagulable. Some 
of the properties of the protein are listed in Table I. 

Absorption Spednim — ^The ultraviolet absorption spectrum of the pro- 
tein was determined with a Beckman quartz spectrophotometer with 1 cm. 
cuvettes at room temperature. The absorption curve, Fig. 1, resembles 
that of the 7-globiilins.^ The solution had a pH of 5.7. Maximum absorp- 
tion was at 2780 A and minimum absorption at 2505 A. Absorption is 
expressed as This refers to the optical density of a 1 per cent 

solution in a thickness of 1 cm. 

Sohihility — Quantitative determinations of the supernatant solutions in 
the solubility measurements were carried out with a Beckman quartz 
spectrophotometer at 2800 A after dilution to protein concentrations of 5 
to 50 mg. per 100 ml Known concentrations of the protein were used as 
standards. It was shown b}’' Smith (7) that at 2800 A solutions of pseudo- 
globulins obey the Bcer-Lambert law over a wide range of concentrations. 
Fig. 4 shows that the protein under consideration obe3’’ed this law for the 
concentration range employed in this work. Greenberg** has shown that 
salts in low concentration do not affect the extinction values at 2800 A for 
bovine 7-pseudoglobulin and that high salt concentrations have only a 
small effect. 

Equal volumes of varying concentrations of sodium chloride or ammo- 
nium sulfate solutions were added with shaking to equal volumes of the 
0.93 per cent protein solution. Thus the final volumes and the total pro- 

3 Unpublisiied data. 

* Unpublished data. 
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tein concentrations were the same in all cases. Equilibration was attained 
by allowing the solutions to stand 24 hours at room temperature with 
occasional shaking. The supernatant solutions were analyzed spectro- 
photometricall 3 " after centrifugation. 


Table I 

Properties of Protein 


Isoionic point, pH 

5.7 

Kjeldahl nitrogen, % 

15.7 

Mol. wt. 

190,000 

Viscosity (0.93% solution), 17/770 

1.130 

Specific rotation, [ojJ 

-66.3 

Mobility (pH 4.7), cm. per see. for 1 roll per cm. 

+3.3S X 10-* 

Ultraviolet absorption (pH 5.7), £ 1 ^. 

13.3 (27S0 A; maximum) 

Salting-out constants, K, 

(sn,)so. 

5.0 (2505 minimum) 

2 

XaCl _ 

25-35 

Heat of solution (0.5% XaCl), AH, cafories 

1 - 20 '’ 

13,300 

25-36° 

1 36,500 

1 



Kic;. Absorption spectrum of an aqueous protein solution 

The solubility" of this protein in solutions of varying ionic strength was 
unique (Fig. 2). ^Uthough there was not sufficient protein avaikble to 
determine its exact solubility in water, the substance appeared to be 
moderately soluble.^ The protein was insoluble in 0.04 to 0.16 m (0.23 to 

* The dilute sodium chloride solutions of the protein (below 0 04 m) ncre apparently 
in a state of true equilibrium. However, at the present time no definite conclusion 
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0.92 per cent) sodium chloride at room temperature. Upon increase of salt 
concentration, the protein went into solution. Whereas saturation mth 
sodium chloride did not precipitate the protein, a salt concentration of 
1.3 to 1.4 M (34 per cent) ammonium sulfate resulted in precipitation. 

With approximately 0.06 per cent sodium chloride, precipitation com- 
menced at 2°, compared with 0.23 per cent sodium chloride required for 
precipitation at room temperature. In 0.5 per cent sodium chloride at 
room temperature the protein was soluble on either side of its isoelectric 
point. No precipitate formed in a 0.1 per cent solution of the protein in 
86 per cent eth3d alcohol. 

When the protein was precipitated from solution with 0.5 saturated am- 
monium sulfate or 22 per cent sodium sulfate, it dissolved in distilled water 
but did not precipitate out of dilute sodium chloride solution. 




MoLARm^O^ 


Fig. 2. Protein solubility in solutions of varying salt concentrations at 26° 


The fractions that did not redissolve in the purification procedure dis- 
solved in physiological saline solution warmed to 42®. Precipitation oc- 
curred on cooling the solutions. When the precipitates were separated from 
the solutions and resuspended in fresh saline, the}’' dissolved at 37°, as had 
the original material. 

The relation of solubility to temperature (Fig. 3) was determined in a 
manner similar to that employed in the salt solubility studies except that 
the final sodium chloride concentration in eveiy case was 0.5 per cent. 
Temperatures of 2°, 19.7°, 26°, 33°, and 36° w'ere used. Because of the 
greatly increased solubility at the last t^vo temperatures and the scarcity of 


can be made coficcrning the equilibrium state because sufficient protein was not avail- 
able for further study. It can be seen that if an equilibrium state were not present, 
the increased solubility of the protein could be explained by assuming that the protein 
molecule carries an appreciable electrical charge and remains in solution as a result 
of the repulsive forces between the charged protein molecules. 
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the protein, the values at these points were determined by suspending 
knoT^Ti weights of protein in the sodium chloride solution and slowly wann- 
ing the mbcture in a water bath until complete solution occurred. Solubili- 
ties at the lower temperatures were determined after 24 hour equilibration, 
centrifugation at the same temperature, and analysis of the supernatant 
solutions. 

As is sho^sm in Fig. 3, a 0.93 per cent solution of the protein in distilled 
water showed no precipitate at 2'’. However, in 0.085 m (0.5 per cent) 
sodium chloride at that temperature, the protein was almost completely 



Fig. 3. Relation between solubility and temperature in 0.5 per cent “NaCl solution 

insoluble. As the temperature was increased, a marked increase in solu- 
bility occurred. 

Salling-Oui Coiutanis — The relationship between the solubility and ionic 
strength can be represented by the equation ((8) p. 604), log jS = — 

Kt ii, where S = the solubility of the protein in gm. per liter, fx ~ ionic 
strength, AT, = the slope of the curve and for a given protein and salt is 
independent of temperature and pH, B = the logarithm of the solubility of 
the protein in solutions of 0 ionic strength and is dependent on temperature 
and pH. For the protein studied here, AC, for ammonium sulfate solutions 
= 2.0 and for dilute sodium chloride solutions is somewhere between 25 
and 35. The value of approximately 30 for If, in dilute sodium chloride 
solutions .is much greater than any preriously calculated salting-out con- 
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stant (8). Howe\^er, because conditions necessary for cciuilibrium may not 
have been satisfied, it is possible that the K, calculated for the protein in 
very dilute sodium chloride solui ions may not be a true salting-out constant. 

Heal of Solidion — heat of solution of a jjrotein is usually calculated 
((8) p. 587) by determining the solubility, 5, of the protein in a particular 
solvent at various temperatures and then using the formula® 


Phase Rule Studies — These studies, carried out by techniques similar to 
those used in the investigation of solubility properties, gave evidence that 
the protein solution might consist of a single component (Fig.,4)' For con- 
firmation, the experiment was performed tAvicc. 



Fig. 4. Phase rule studies in 0.5 per (-(Mit XaCl at lO.S® (hvo experiments) 


To varying concentrations of protein solutions were added equal volumes 
of 0.9 per cent sodium chloride solutions, so that the final total volume and 
concentration of sodium chloride Avere the same, l^qiiilibration was 
brought hy alloAving the mixtures to stand, Avith occasional shaking, 
for 24 liouj-s in one case and 48 Imurs in tlie olher. TJic temperature ^vas 
19.7° for l)oth ex])crimcnts. Centrifugation AA'as cai*ricd out at the same 
temperature. 

Isoionic Point — 'I'lic pll of a salt-free 0.93 per cent solution^ of the protein 
as determined ))y the glass electrode aa'us 5.70. According to Cannan (9) 
this value should be the isoionic point. 

®??triclly .spoiikinK^ Oiis is ind the heal of .solution. If this j)roce(iuro were used, 
one aeliially would ohlain the value of the average Jicat absorbed over (he tempera- 
lure range Tx lo 7 « when 1 mole of protein dissolves in a saturated solution. 

" This soeallod “salt -free solution “could have a sodium chloride concentration as 
great as 0.015 m. Xevorthcless, this low salt concentration could not affect the 
isoionic point (9). 
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Total Nitrogen — small portion of the purified protein solution was 
evaporated to drjmess. The residue was heated at 100® for 3 hours. Kjel- 
dahl determinations of the total nitrogen content were made on the dried 
sample by a modification of the Cavett method (10) . The nitrogen content 
was 15.7 per cent. 

Osmotic Pressure — ^With the apparatus of Keys and Taylor (11), two 
determinations at 2® of the 0.93 per cent protein solution against water 
showed osmotic actmty that corresponded to average molecular weights of 
180,000 and 210,000. These values are to be considered onlj’ rough esti- 
mates of the molecular weight. 

Yiscosiig — An Ostwald \TSCometer was used in a water bath at 26°. Six 
determinations were made on 8 ml. portions of both protein solutions and 
distilled water. The concentration of protein was 0.93 per cent. Its vis- 
cosit}' compared to water was 1.130. 




Fio. 5. Electrophoretic pattern; pH 4.7; 0.1 ionic strength 

Optical Rotation — ^The optical rotation was carried out on the 0.93 per 
cent protein solution at 26° with a 2.00 dm. tube and a sodium lamp; 
Mo = -66.3°. 

Electrophoretic Pattern and Mobilitij — The protein migrated with a single 
symmetrically shaped boundaiy, as is shovTi in Fig. 5. The electropho- 
retic mobility was determined with a 0.5 per cent protein solution buffered 
to pH 4.7 with acetic acid-sodium acetate at 0.1 ionic strength. In 9000 
seconds the ascending boundar}' moved a distance of 2.27 cm. The mo- 
bility was 3.38 X 10“^ cm. per second for 1 volt per cm. 

Stahilitg — A saturated aqueous solution of the protein appeared to have 
its original solubility characteristics even after standing at room tempera- 
ture for 3 montlis. 

Crystalluie Structure — A 1 ml. solution of 0.5 per cent chloride and 0.465 
per cent protein was warmed to 35° and placed in a thermos flask containing 
water at this temperature. After the flask had remained at room tempera- 
ture for 5 days, particles, which appeared to be doubly refractive, formed. 
Although the ciy’stalline structure could not be made out definitely, it 
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appeared to resemble the structure of the particles studied by Holmberg 
and Gronwall (4). 

TFasscmann Reaction — Because the serum of Holmberg and Gronwall’s 
patient had given an atypical Wasserraann reaction, this test rvas per- 
formed on the protein and serum of J. P. Both the serum and a 0.93 per 
cent solution of the protein were negative. 

DISCUSSION 

The protein which spontaneously precipitated from the serum of the 
patient J, P. had several unusual properties. With respect to solubility, 
ultraviolet absorption spectrum, and nitrogen content ( 12 ), it resembled 
the 7 -globulins. However, this protein, unlike some 7 -globulins, was solu- 
ble in water but insoluble in dilute salt solutions . Its molecular weight (13) 
and viscosity (14) also seemed greater than those for 7 -globuIins. 

The protein solution finally obtained appeared to be homoraolecular. 
As yet DO serum globulin preparation has satisfied all of the criteria for 
homogeneity. However, in consideration of the unique properties of this 
protein which made possible the previously described method of isolation, 
electrophoretic pattern, and phase rule studies, it seems probable that the 
solution contained a single protein solute. 

From the available data on similar proteins studied by workers in recent 
years, a comparison of the properties of these substances was made in 
Table II. One characteristic common to all of the proteins reported was 
spontaneous precipitation from serum. Unfortunately, detailed investiga- 
tions of the proteins discovered earlier by other workeis were not carried 
out, thus limiting the scope of the comparative anatysis made at the present 
time. 

The unique character of the protein from the serum of J. P. resulted in 
part from the unusual solubility properties, as is shown in Fig. 2 ; vis., the 
protein was soluble in water, insoluble in dilute solutions of electrolytes, 
soluble in more concentrated solutions of electrolytes, and insoluble in 23 
per cent sodium sulfate or 33 per cent ammonium sulfate. Apparently no 
investigator carrying out similar studies attempted to free the protein solu- 
tion completely from electrolytes and then to determine its solubility in 
water. However, von Bonsdorff, Groth, and Packalen stated that the 
protein studied by them was insoluble in physiological salt solution and 
distilled water but that “the wash water, after repeated washings. . .still 
yielded a relatively strong protein reaction.” This probably means that 
their protein was also soluble in water. 

It is important to remember that once the protein from the serum of J. P. 
was treated with ammonium or sodium sulfate it behaved thereafter as a 
p.seudoglobulin, i.e., it was soluble in water and in dilute salt solutions, thus 
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proving that the addition of tlicso salts Avas responsible for the change in 
solubility. Consequently, proteins of similar nature should be studied 
before precipitation with ammonium or sodium sulfate. 

Stein and Wertheimer observed that once their protein was treated with 
ammonium or sodium sulfate it lost its ability to precipitate from cooled 
dilute salt solutions ; ?.c., the protein became soluble in water and dilute salt 
solutions. The same workers stated that their protein was ^‘denatured.’' 
These solubility changes were unusual, for ordinarily when treated wdth any 
reagent, proteins become less soluble. A question arises concerning the 
solubility properties of the well established serum globulins. One might 
well ask whether the serum pseudoglobulins would be insoluble in very 
dilute salt solutions if they Avere prepared by a non-precipitating method, 
such as the Tiselius method. 

Holmberg and Gronwall stated that the protein they studied precipitated 
\vhen the blood samples were exposed to air, but that when the samples were 
kept in an air-tight container no flocculation occurred. This indicates that 
their protein would probably precipitate if carbon dioxide were released 
from the blood and the pH of the solution increased. This protein spon- 
taneously precipitated at room temperature, its solubility appearing to 
depend more on the pH than on the temperature of the solution. 

The protein studied b}^ Wintrobe and Buell likeAvise precipitated at room 
temperature. Although*, in the tAVO cases last mentioned, the proteins pre- 
cipitated at room temperature, in most investigations it veas necessary to 
cool the serums before precipitation took place. 

It is a Avell knoAATi fact that pathological serums ma}'' contain unusual 
proteins. What is not so Av'ell knoAvn is that the sjmiptoms of a disease may 
be directl}'' related to the physical properties of an unusual protein,^ a pro- 
tein Avhich in the case of the patient J, P. spontaneously precipitated from 
cooled serum. 


SUMAtrVRV 

1. A protein spontaneously precipitated from cooled blood of a patient 
having aero purpura, chronic glomerulonephritis, and congestive heart 
failure. 

2. The protein was isolated in pure form b 3 ’' separating serum from blood 
clotted at 37° and then cooling the serum. Tlie precipitate from the cooled 
serum aa’os redissolvcd and reprecipitated from physiological saline solutions 
several times. 

3. The increased solubility of this protein in 0.2 ai sodium chloride and 
its salting-out curve Avith ammonium sulfate at room temperature Avere 
characteristic of Y-euglobulins. HoAvever, this protein AA'as also soluble in 
distilled Avater. 
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4. The method of isolation, the electrophoretic pattern, and the phase 
rule studies indicated that the purified protein preparation probably was 
homogeneous. 

5. The protein was compared with similar substances described in reports 
of other investigations and was shown to have some unique characteristics. 
One propert 3 ^ common to all of the proteins compared was their spontaneous 
precipitation from serum (usualty cooled) . 

We wish to express our sincere appreciation to Dr. C. J. Watson for 
making possible this study through his keen interest in the problem. We 
should like to thank Dr, D, R, Briggs for carrying out the Tiselius studies 
and Dr. C. P. Bamum for the use of his laboratoiy’’ in which the work was 
accomplished. 
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SYNTHESIS OF CHOLESTEROL IN SURVIVING LIVER* 
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(Received for publication, December 26, 1945) 

The surviving tissue slice technique has become one of the principal 
methods for studying the chemical reactions of the living cell. The tissue 
slice experiment in general consists in the addition to the slices suspended 
in an aqueous buffer of some suspected metabolite and measurement of the 
rate of change of concentration of the compound or of some chemically 
related compoimd. The tissue slice itself does not seem to enter into the 
chemical reactions, behaving more as if it were an inert framework to which 
enzymes and their coenzjTnes are attached. It has never been possible for 
example to demonstrate the synthesis of any structural component of the 
tissue slice.^ Further, this technique is limited to the study of compounds 
soluble in the buffer. The demonstration of biolo^cal reactions in surviv- 
ing tissues has been most successful with freely diffusible small molecular 
substances as substrates. The majority of the processes studied in vitro 
have been of the nature of degradative reactions. When synthesis of car- 
bon-carbon linkages could be demonstrated, the number of carbon atoms 
involved has been small. 

The rates at which tissue constituents are regenerated by synthesis in the 
intact animal vary widely. It is conceivable that a biochemical process 
which is slow in vivo may escape detection in vilro, because too little of the 
reaction product accumulates during the relatively short period of tissue 
survival. Further, even if a reaction is sufficiently rapid, its occurrence 
may be obscured if the reaction product is metabolized faster or at the same 
rate at which it is formed. In such a case the concentration of the metabo- 
lite 'vstH decrease or remain imchanged during the experiment, precluding 
detection of the process by quantitative analysis. However, if a substrate 
labeled by an isotopic element is employed, appearance of the isotope in the 
reaction product will be sufficient proof for utilization of the substrate 

• This work was carried out with the aid of grants from the Josiah Macy, Jr., Foun- 
dation and from the Nutrition Foundation, Inc. 

* An apparent exception is the demonstration of the formation of radioactive lipids 
after incubation of liver slices with radioactive phosphate (1). Other such examples 
might be found but in these cases we are apparently dealing with small changes on the 
periphery of a large molecule. Those reactions do not involve the fonnation of car- 
bon to carbon linkages. 
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irrespective of whether or not the quantity of tl)c product undenvent a 
change. 

Synthesis of cliolcstorol in the intact animal lias been demonstrated by 
enriching the body fluids with heavy water (2) and by administration of 
labeled acetic acid (3). In l)oth eases isoto])ic cholesterol is formed. The 
rate at which isotope is incorporated into the cholesterol molecule indicated 
that regeneration of cholesterol is slow compared to that of other tissue 
constituents such as glycogen, fatty acids, and amino acids. It can be 
estimated that in the liver of the rat half of the cholesterol molecules are 
replaced by newly formed cholesterol in 5 to 10 days. If cholesterol were 
synthesized as rapidly in surviving liver as in the living rat, the cholesterol 
concentration could not change by more than a few per cent during the 
period of incubation. The experiments of Spcriy ct aL (4) and those of 
Moulder and Evans- indicate that on incubation of rat liver slices either 
without added substrate or in the presence of acetate no significant change 
occurs in the amount of cholesterol. 

We have followed cholesterol synthesis in surviving rat liver by adding 
either heavy water or labeled acetic acid to the buffer fluid. Deuterio 
cholesterol was formed in the presence of either D 2 O or deuterio acetic acid. 
Incubation with acetic acid containing resulted in the formation of cho- 
lesterol containing heav}’' carbon. Since acetic acid has been shouui to 
participate in the synthesis of the higher fatty acids (5), we have also iso- 
lated the fatty acids from the incubated slices. They contained small but 
significant concentrations of deuterium. 

EXPERIMENTAL 

Deiderio acetic add u'as prepared as described previously (3) and con- 
verted into the sodium salt. It contained 59.0 atom per cent excess deute- 
rium. The preparation of acetic acid containing 77 atom per cent excess 
deuterium in the methyl group and 19.6 atom per cent excess C” in the 
carboxyl group has been described previously (5). 

Incubation Experiments — Slices were prepared from the livers of young 
rats (120 to 230 gm.). The tissue was suspended in Ifrebs’ phosphate 
buffer, pH 7.3, and incubated after addition of either labeled acetic acid or 
D 2 O for 3 hours at 38°. For each experiment 2 to 3 gm. of liver tissue (wet 
Aveight) were used. The volume of buffer varied from 10 to 50 ml. 

Isolation of Cholesterol and Fatty Adds — ^At the end of the incubation 
period an equal volume of ethanol and sufficient solid KOH to make a 10 
per cent solution were added to the flasks. The mixture Avas heated under 
a reflux for 5 hours and separated into saponifiable and unsaponifiable 
fractions. From the unsaponifiable fraction cholesterol Avas precipitated 

* Private communication from Dr. E. A. Evans, Jr, 
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as the digitonide. After removal of the imsaponifiable fraction the alkaline 
hydrolysate was acidified and the fatty acids extracted with petroleum 
ether. From 2 to 3 gm. of incubated liver slices there were isolated 4 to 6 
rag. of cholesterol (calculated from the weight of the digitonides) and 50 to 
70 mg. of fatty acids. Deuterium analyses were carried out by an impub- 
lished microraethod. In most cases the deuterium content of cholesterol 
was obtained by analysis of cholesterol digitonide and multiplying the 
value by 3. 

Inciibation of Liver Slices icith Na Acetate Containing Deuterium and 
Experiment A — 2.0 gm-of liver slices from rats weighing 220 to 230 gm. were 
incubated aerobically in 20 ml. of phosphate buffer to which had been added 
10 mg. of Na acetate containing 77 atom per cent excess deuterium in the 
methyl group and 19.6 atom per cent excess in the carboxjd group. The 

cholesterol digitonide (20 mg.) obtained was decomposed in the usual 
fashion (6) and the cholesterol recxystallized from 0.5 ml. of acetone. 2.7 
mg., m.p. 146-147°, were obtained, which contained 0.11 atom per cent ex- 
cess deuterium and 0.038 atom per cent excess 

Experiment B — 3.0 gm. of liver slices from rats (120 gm.) were incubated 
aerobically' in 10 ml. of phosphate buffer to which had been added 20 mg. 
of Na acetate containing 9.8 atom per cent excess and 77.0 atom per cent 
excess D. 26.4 mg. of cholesterol digitonide yielded 3.5 mg. of cholesterol, 
ra.p. 145-147°. It contained 1.03 atom per cent excess deuterium and 0.40 
atom per cent excess 

Incuhation of Organs Other Than Liver — Slices from spleen, kidney, testes, 
and intestine of the rat were incubated aerobically in the presence of 20 mg. 
of deuterio acetate containing 59.0 atom per cent excess deuterium. The 
cholesterol di^tonides isolated from these organs contained in no case more 
than 0.015 atom per cent excess deuterium. 

DISCUSSION 

In all experiments the appearance of the isotopic label in cholesterol is 
taken as proof for the occurrence of synthesis. The observed process must 
represent synthesis of the carbon skeleton. Not only is deuterio cholesterol 
formed in the presence of heavy water, but the cholesterol isolated after 
incubation with acetic acid containing deuterium in the methyl group and 
C'* in the carboxyl group contained both deuterium and 

With the aid of isotopically labeled substances reactions proceeding at 
very slow rates become readily detectable. For example if in one of our 
present experiments the cholesterol isolated after incubation with deuterio 
acetate (59 atom per cent excess deuterium) contains the significant concen- 
tration of 0.10 per cent D, a quantity of cholesterol corresponding to 0.17 
per cent of that originally present must have been newdy formed. As the 
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tissue slices used in our experimenfs contained about 5 rag. of cholesterol, 
the above figure corresponds to a syntb&sis of 8 to 10 y. 

From the data presented in Table I it is clear that aerobic conditions are 
necessary for cholesterol synthesis to occur. It is noteworthy that all in 
vitro reactions so far studied with acetic acid as a substrate seem to require 
the presence of o.xygcn even if oxygen docs not enter into the equation of the 
reaction concerned. This is the case in the formation of acetylsulfanila- 
midc, acetylcholine, acetoacctic acid, and citric acid.® Addition of glucose 
was without effect on cholesterol formation, suggesting that intermediates 
of glucose metabolism, if thej’’ participate in the prorcss, are present in the 
slice in sufficient quantities. 

Formation of isotopic cholesterol was not obseiwed in disintegrated liver 
tissue such as homogenized liver or hash prepared in the Waring blendor 
(see Table 11). It is not surprising that systems in which the structure is 

Table I 

Isotope Concentration in Cholesterol and Fatly Acids Isolated from Rat Liver Slices 
Incubated with ISO Mg. of Deuicrio Acetate Containing B9.0 Atom Per Cent 

Excess Deuterium 


Time of incubation 3 hours; bufTor volume 50 ml. 



^ Atorn per cent excess deuterium 


Cholesterol 

1 Fatty acids 

Aerobic and glucose , 

0.224 


<< 

0.279 


Nitrogen, glucose 

0.003 


fC j 

0.003 



destroyed cannot synthesize a substance of such complexity as cholesterol, 
for it is probable that many enzyme systems must cooperate in the synthe- 
sis. Since at least some of the intermediates must be almost as non-diffus- 
ible as the end-product, the enzjmie systems which are involved in the 
formation of the carbon-carbon linkages as well as those which supply the 
energy for these reactions must be suitably organized in space. 

When the quantities of deuterio acetic acid added to the buffer solution 
were varied from 10 to 150 mg. per 2 gm. of liver slice, no significant change 
in the isotope concentration of cholesterol took place (Table III). Since 
under our conditions the quantities of acetate required must have been of 
the order of 0.5 to 1.0 mg., the substrate added must have been in excess. 

’ Anaerobic acetylation of choline (7) and sulfanilamide (8) by acetic acid in the 
presence of adenosine triphosphate has recently been reported. The ATP presum- 
ably supplies the energy required for this coupling. 
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Table II 

Isotope Conccnlration in Chohslcrol Isolated after Aerobic Incubation of 
Liver Preparations 



i AceUte 
! added (59 j 
1 aton i 

pcrceatD)i 

AdditiOTi 

Ctolcstcrcl, 
alca per cc 2 t 
excess 
deiitericra 

Homogenate 

rrf. 

150 

100 mg. glucose 

0.006 

it 

150 

40 ATP* ri- 85 mg. KaF 

0.004 

Pulp (Waring blendor) 

150 

lOO " ^ucose 

0.009 

« it it 

50 

35 KaF 4* 40 mg. ATPf 

0.002 

it It ft 

50 

40 ATP* 

O-OOS 


* ATP = sdenosine triphosphate, 
t Added in three portions. 


T.1BLE III 


Isotope Concenlratiort in Cholesterol Isolated from lAver Slices Incubated Aerobically 
with Varying Amounts of DeuUrio Acetate (59,0 Atom Per Cent Excess Deuterium) 
Buffer volume 50 ml. 


Dcttterio acetate 

Cfcotssterol, aton per cent excess deuteriTm 

rif. fcrjf&zi 


150 

0.063 

SO 

0.072 

25 

0.075 

10 

0.072 


T.vble rv' 


Isotope Concentrations in Cholesterol from Liver Slices Incubated Aeroibically in 
Phosphate Buffer Containing DjO 


Ddl concentration in buffer, ataa per cent 
excess denteriam 

U) 

; CbolesteroL alnta 
per cent 

: excess decteriiEa 

1 (B) 

i 

Per cent denterinm 
in cholesterol 
derived troca 

fxioo 

Fatty acids, 
atan per cent excess 
centerinn 

8.3 

0.5S 

7.0 

0.02S 

8.4 

0.72 

8.0 

0.055 

11 .0 (4-20 mg. non-isotopic 
Na acetate) 

0-55 

5.0 

0,053 

16.4 

l.SO 

11.0 

O.ISO 


As is the case in the intact animal, deuterio cholesterol is formed in a me- 
dium contmning heavy water (Table lY). The effect has previously been 
ascribed to the uptake of hydrogen from the body fluids in the course of the 
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reduction of the carbonyl groups of acetic acid (3). In the present experi- 
ments, this process occurred in the absence of added non-isotopic acetate as 
well as in its presence, indicating that the slice either contains or produces 
during incubation sufficient quantities of acetic acid. 

While synthesis could be demonstrated qualitatively in every experiment, 
the quantities of isotope incorporated into cholesterol varied appreciably. 
However, in parallel runs in which portions of pooled slices from several rat 
livers were incubated the level of isotope in cholesterol varied but little. 
The optimal conditions for cholesterol .s 3 'nthesis in vitro are still' to be 
ascertained. 


Tab LB V 

Atom Per Cent Excess Deuterium in Cholesterol Isolated from Liver Slices of Rats 

Varying in Weight 


Aerobic incubation in phosphate bufTor with doutcrio acetate containing 59.0 
atom per cent excess deuterium. 


Weight ol rats j 

Buficr volume j 

Atom per cent excess deuterium 

Cholesterol 

Fatty acids 

sm. 

titl. 

1 


230 

50 

0,09 

0.023 

230 

50 

0.11 


230 

50 

0.07 

0.001 

230 

50 

0.07 


170 

50 

0.23 

1 

170 

50 

0.28 


150 i 

20 

0.46 

1 

130 

20 

0.73 

' 0.050 

120 

10 

1.30 

0.045 


The effect has not been investigated systemically, but the data (Table V) 
suggest a correlation between the age of the animals and the isotope con- 
centration in cholesterol. 

Synthesis of Cholesterol in Various Organs — Formation of deuterio choles- 
terol on incubation uith isotopic acetate could be demonstrated with liver 
tissue only. But little isotope was introduced into cholesterol when kidney, 
spleen, gastrointestinal tract, or testes, organs from which slices can be 
readily prepared, were incubated under conditions which led to the forma- 
tion of deuterio cholesterol by liver slices (Table VI). These findings do 
not by themselves establish the liver as the sole organ capable of synthesiz- 
ing cholesterol. It can be estimated, however, that the rate at which this 
process occurs in liver in vitro is sufficiently rapid to fulfil the cholesterol 
requirements of the whole rat organism. Further support for the conten- 
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tion that the liver occupies a dominant position as a site of cholesterol 
synthesis can be derived from the finding that the concentrations of deute- 
rium in cholesterol are higher in liver than in some sixteen other organs 
of rats receiving deuterio acetate.'* 

We have tested the effect of adenosine triphosphate (ATP) on cholesterol 
synthesis in liver slices. As sodium fluoride must be added in order to pre- 
vent rapid destruction of this labile compound, rve also tested the effect of 
NaF on this reaction. In a series of e.xperiments in which pooled slices were 
employed it was found that the addition of 35 mg. of NaF lowered the 
deuterium concentration from 0.73 to 0.13 atom per cent excess. A similar 
depression of isotope concentration (0.08 atom per cent excess) was observed 
when 40 mg, of ATP plus 35 mg. of NaF were added to the medium. No 
decision can be made on the basis of these results as to whether ATP is 
involved in this reaction, since fluoride alone inhibits the system. ATP 

Table VI 


Isotope Concentration in Cholesterol Isolated from Slices of Vanous Rat Organs 
Incubation in phosphate buffer with deuterio acetate containing 59 0 atom per 
cent excess deuterium 


Organ 

Atom per cent excess dculcnnra 

1 Expenment 1 

Experiment 2 

liivcr 

0 460 

0.360 

Gastrointestinal tract 

0 OU 

0 (H2 

Spleen 

0 039 

0.012 

Kidney , 

0.033 

0 012 

Testes 


0.006 


and NaF alone or in combination were without effect on cholesterol synthe- 
sis in preparations of disintegrated liver. 

It has been pointed out that quantitative analysis does not reveal any 
change of the concentration of cholesterol in slices which are incubated 
either with or without added acetic acid. On the other hand, the present 
experiments with heavy water and labeled acetic add clearly demonstrate 
the occurrence of sterol synthesis imder these conditions. These two ap- 
parently contradictory findings may be reconciled by either one of the t?s o 
following assumptions. (1) The total quantity of cholesterol sjTithesized 
represents an increase in concentration which lies within the limits of error 
of existing methods of analysis. The maximum isotope concentration 
Vihich we have observ'ed in the experiments with acetic add is equivalent 
to the formation of 4 per cent of the cholesterol originally present, a change 

* Unpublished expenmcnts, K. Bloch and D, Rittcnberg. 
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which is not detectable wtli certainty by quantitative analysis. On the 
other hand, in the experiments which were carried out ^\dth buffer contain- 
ing D 2 O, cholesterol contained 5 to 11 per cent of the maximum deuterium 
concentration, and if the latter values were actually due to an increase in 
the concentration of cholesterol, the change should be detectable by quan- 
titative analysis. (2) Our data may relate to a process involving choles- 
terol synthesis without change in the total quantity of this substance. If 
an amount of cholesterol equivalent to that synthesized simultaneously 
undergoes chemical alteration, the constancy of the cholesterol content of 
the liver tissue would merely reflect the dynamic equilibrium which is 
kno^vn to exist in the intact animal. 

The fatty acids isolated from the incubated liver slices contained consid- 
erably lower isotope concentrations than the cholesterol formed under the 
same conditions (Tables I, IV, and V). However, in the intact animal,® 
fatty acids are synthesized more rapidly than cholesterol, as is evident from 
the much higher isotope concentrations in the fatty acids of animals whose 
body fluids are enriched with heavy water or which receive acetic acid con- 
taining In the in vitro experiments with liver slices, conditions appear 
to be far more favorable for the synthesis of cholesterol than for that of fatty 
acids. It cannot even be decided whether the observed uptake of isotope 
in the fatty acids results from synthesis of the carbon chain, or whether it is 
due merely to hydrogenation of unsaturated acids. 

SUMitARY 

1. Slices of rat liver were incubated aerobically in phosphate buffer in 
the presence of D 2 O, deuterio acetate, or acetate containing deuterium in 
the methyl group and in the carboxyl group. 

2. The cholesterol isolated from slices incubated with D 2 O contained 
deuterium, and both deuterium and after incubation with isotopic 
acetate, demonstrating the in vitro synthesis of cholesterol. 

3. No synthesis took place under anaerobic conditions, in preparations 
of disintegrated liver, nor in slices of kidney, testes, spleen, or gastrointesti- 
nal tract. 

4. The fatty acids isolated from liver slices in which isotopic cholesterol 
had been formed contained small but significant concentrations of deu- 
terium. 

The authors wish to express their thanks to Dr. D. Nachmansohn for a 
sample of adenosine triphosphate. 

® The fact that in the intact mouse and rat deuterio acetate gives rise to higher 
isotope concentrations in cholesterol than in the fatty acids, although the latter are 
more rapidly regenerated, may be due to greater loss of carbon-bound deuterium in 
the process of fat synthesis than in the synthesis of cholesterol. 
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BIOCHEMICAL TRAN’SFORMATIOXS AS DETERMIXED BY 
COMPETITR^E ANALOGUE-METABOLITE 
GRO'm’H INHIBITIONS 

I. SOME TRAXSFORMATIOXS INVOLVING ASPARTIC ACID 

Br WILLL\M SHIVE and JOANNE ^LACOW 

{From the Clayton Biochemical Imtitute and the Department of Chemistry, 

The Unirersily of Texas, Austin) 

(Received for publication, November 20, 1945) 

Preparation of analogues of metabolites to test their ability to inhibit 
growth of microorganisms has been recognized in recent years as an ap- 
proach to the problem of seeking out new chemotherapeutic agents (1-3). 
Amino acids are among the bacterial growdh factors for which antagonistic 
analogues have been prepared. Antagonisms between ethionine and 
methionine (4, 5), between a-amino-y-methoxybutyric acid and methionine 
(6), between ^-2-thienylalanine and phenylalanine (7), and between either 
i3-aminobut3Tic acid or isoserine and /3-alanine (8) have been reported. 

In the present contribution, dealing with the mechanism of competitive 
inhibition and its utilization in elucidation of biochemical transformations 
in gro\^ing organisms, it is proposed that (a) the antibacterial index (see 
Table I) is a function of the inhibited enzyme S 3 ' 6 tem which is the limiting 
factor for gro\\'th of the organism; (h) upon supplying the product of this 
specific limiting enzymie system to the organism in excess of growth re- 
quirements, the analogue either becomes ineffective as a growth inhibitor 
or affects at higher concentrations another enzyme sy^stem, in which case 
a higher antibacterial index, corresponding to this second enzyme sy^stem, 
is obtained; (c) precursors of the metabolite may be effective in preventing 
inhibition of gro\vth by the analogue over wide ranges of concentration. 

Applying these proposals to the investigation of the competitive inhibi- 
tion of aspartic acid utilization by' df-‘*para”-hy'droxyaspartic acid has 
indicated that for Escherichia coli glutamic acid is a limiting precursor of 
aspartic acid (by’’ transamination) and that the /3-alanine moiety' of panto- 
thenic acid is a product of aspartic add metabolism. 

The fundamental new obsen’ations upon which the present deductions 
and interpretations rest are as follows: (a) df-para-Hy'droxyaspartic acid 
inhibits the growth of Escheric)ita coli. This inhibition is completely 
prevented by' aspartic add and is competitive in nature; f.e., a defined 
inhibition occurs at a definite ratio of analogue to aspartic add. (6) The 
competitive inhibition of growth of Escherichia colt by hydroxyaspartic 
acid is also prevented by' glutamic acid over wide ranges of concentration. 
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(c) Pantothenic acid alters the inhibition in a characteristic mannei, 
namely, that of changing the antibacterial index (9) to a higher value. 
Details of the experiments and interpretations concerning these trans- 
formations and of additional competitive inhibitions are presented below, 

EXPERIMENTAL 

dl-para-Hydroxyasparlic Acid — di-pam-Hydroxyaspartic acid was pre- 
pared by the method of Dakin (10). Only this isomer was used in the tests 
described in this investigation. 

meso-Diaminosuccinic Add — ^The less soluble of the two optically in- 
active forms of diaminosuccinic acid was prepared as described by Lehrfeld 
(11). Work of Farchy and Tafel (12) has indicated that this isomer is 
Tncsa-diaminosuccinic acid. 

Testing Methods — ^Tests with Lcuconostoc niescnieroides were carried out 
as described by Hac and Snell (13) for aspartic acid assay. 

For tests with Escherichia coK, an inorganic salts-glucose medium was 
prepared as follows: Na:; 2 S 04 , anhydrous, 1 gm., NH 4 CI 1 gm., K 2 HPO 4 
0.8 gm., MgS 04 - 7 H 20 80 mg., glucose 2 gm., Fe(NH 4 ) 2 (S 04 ) 2 -GH 20 20 mg., 
and casein, digested vnth trypsin, 200 y were dissolved in water, diluted to 
100 cc., and filtered. For assays, 6 cc. of tliis double strength medium were 
added to test materials in 5 cc. of water; the tubes were capped, autoclaved 
10 minutes at 15 pounds steam pressure, and inoculated. Time and 
temperature of incubation are giv^n with Tables I to W. 

The organism was a sti'ain of Escherichia coli carried in this laboratory 
on yeast extract-glucose agar (1 per cent glucose, 1 per cent yeast extract, 
and 1,5 per cent agar). Although this strain would not grow initially on 
the inorganic salts-glucose medium, it grew very rapidly on a previously 
described complete medium (14). The organism was adapted to the simple 
medium gradually over a period of several weeks by decreasing the propor- 
tion of this complex medium and increasing the inorganic salts-glucose 
medium wliich was supplemented with 10 mg. of aspartic acid per 10 cc. 
The organism was then carried by daily transfers on the latter medium 
supplemented with 0.15 cc. of the complete medium per 10 cc. After 16 
to 24 hours growth, the cells were centrifuged, washed once vdth 10 cc. of 
0.9 per cent sodium chloride, and resuspended in 10 cc. of the saline. One 
di'op of a 1:20 dilutior^ of this saline suspension was used to inoculate 
each culture tube. 


Results 

From Table I it is evident that di-pam-hydroxyaspartic acid possessed no 
growth-stimulating properties, but on the contrary was toxic for Escherichia 
coli. The inhibition of gro^vth was prevented by added aspartic acid, 
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and as the amount of aspartic acid was increased, the level of hydroxj"- 
aspartic acid necessarj' to inhibit growth increased. Even large amounts, 
more than 1 mg. per cc. of the analogue, were not inhibitor}' in the presence 
of sufficient amounts of aspartic acid. The molar ratio of h 3 'drox 3 ’’aspartic 
acid to aspartic acid necessary for maximum inhibition (the antibacterial 
index (9)) remained constant at a value of 10 to 15 over a wide range of 
concentrations. As judged from the amount of hydroxyaspartic acid 
required to inhibit growth in the absence of added aspartic acid, the maxi- 

T.U3LE 1 

Growth Inhibition by Hydroxyaspartic Acid* and Its Reversal by 1{A-) 'Aspartic Acid 


Test organism, Escherichia coU; incubated 16 hours at Sr-SS®. 


(-{-)-AsparUc 

add 

' Hydrox>'asiMirtic 
add* 

Galvanometer 

readingt 

/(-f)-Aspartjc i 
add 1 

Hydroxyaspartic 

add* 

Gahicomcler 

reading 

y fer 10 cc. 

y per 10 cc. 

i 

1 

y Per lO cc. 

y per 10 cc. 


0 

0 1 

43.3 

! 100 


44.0 

0 

10 

42.5 1 

1 100 


37.5 

0 

30 

36.5 

100 


[ 21.0 

0 

50 

13-0 1 

100 


10.0 

0 1 

100 

4.0 

lOO 


' 3.5 

10 1 

0 1 

42.5 

300 

0 

44.0 

10 i 

30 1 

41.0 

300 


40.0 

10 i 

50 i 

40.0 

300 


20.5 

10 i 

100 1 

13.9 

300 


10.0 

10 

200 

4.0 

300 


i 2.6 

30 

0 

43.7 1 

1000 j 


45.0 

30 

50 

41.0 

3000 


47.7 

30 

100 

39.0 

300 i 


2.S 

30 

200 

13.0 1 

1000 ' 


8.5 

30 

300 

11.5 1 

3000 I 



30 

500 

4.5 1 

i 


1 51.6 


Antibacterial index (jCi/Ca) = 10 to 15. The antibacterial index (9) is the ratio 
of the concentration of inhibitor (C/) to that of the essential metabolite {Ca) at 
which complete inhibition of the test organisms results. 

* Less soluble racemic isomer designated as d/-para -hydroxyaspartic acid by 
Dakin (10). 

t A measure of culture turbidity; distilled water reads 0, an opaque object 100. 

mum concentration of aspartic acid which Escherichia coli produced in the 
cell was approximately equivalent to an outside concentration of 10 y 
per 10 cc. of medium. 

Table II shows that Lcuconosioc mesenieroidesf which requires added 
aspartic acid for growth, not only did not utilize hydroxyaspartic acid in 
place of aspartic acid, but the analogue inhibited competitiveh' the re- 
sponse to aspartic acid. The molar ratio for maximum inhibition was 
60 to 200 for this organism. 
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ni^so-Diaminosuccirdc acid also inhibited growth of Escherichia coliy 
as shown in Table III. The inhibition was similar to that obtained Avith 

Table II 

Growth Inhibition by Hydroxy aspartic Acid and Its Reversal by I -Aspartic Acid 


Test organism, Leiiconostoc mesentcroidcs; incubated 72 hours at 30®. 


/(+)-Aspartic acid 

Hydroxyaspartic acid 

Galvanometer reading 

y per 5 cc 

y per 5 cc. 


0 

0 

5.0 

0 

50 

5.5 

0 

3,000 

4.0 

50 1 

0 

51.2 

50 1 

100 

50,5 

50 1 

300 

43.0 

50 

1,000 

25.0 

50 i 

3,000 

10.5 

50 

10,000 

G.O 

500 

0 

52.9 


1,000 

50.0 


3,000 

49.0 


10,000 

26.2 

Antibacteiial index (Cr/C\r) = 60 to 200. 

Table III 


Growth Inhibition by ; 

meso-Diammosuccinic Acid 
-Aspartic Acid 

and Its Revo sal by 

Test organism, Escherichia coh; incubated 18 hours at 38-39° 

/(+) -Aspartic acid 

Diatninosuccinic acid 

Galvanometer reading 

y Per JO cc 

y Per 10 cc 


0 

0 

49.8 

0 

300 

51.0 

0 

1000 

1.0 

10 

0 

43.0 

10 

300 

46.0 

10 

1000 

37.0 

10 

3000 

1 0 

30 

0 

45 0 

30 

1000 

44.0 

30 

3000 

12.0 

30 

5000 

4.0 

100 

5000 

17 0 

300 

5000 

49.0 


Antibacterial index — 100 to 200. 


hydroxyaspartic acid, but the inhibitor was somewhat less effective (anti- 
bacterial index, 100 to 200). 
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Partial prevention of hydroxyaspartic acid toxicity by pantothenic 
add, /S-alanine, and asparagine was obtained, as shovn in Table At 
low levels of hydroxj'aspartic acid, the effectiveness of 1 t of pantothenic 
acid was approximately equivalent to 10 y of aspartic acid in preventing 
the toxicity, but at concentrations above 200 to 300 y of hydroxj-aspartic 
acid, pantothenic acid was completelj^ ineffective. ^-Alanine was at least 
as active as aspartic acid in preventing the inhibitoo^ action of hydrox>’- 


Table IV 

Comparative Effects of -Aspartic Add^ Pantothenic Acid^ ^-AlamnCj and 
Asparagine on Prevention of Hydroxy aspartic Acid Toxicity 


Test organism, Escherichia colt; incubated 16 hours at 3S-39®. 


HydroiyMpartJC 

acid 

Gal^-ancineter readiegs for each reversing 

None 

PjLStotlicnic 
acid. If per 

10 cc. 

/C+)-A5p3Jlic 
acid, 10 Y per 

10 cc. 

I ^-Alanine, 10 y 
per 10 cc. 

j AspaiajoBc, JO y 
\ per 10 cc. 

[ 

y per 10 cc. 






0 

43.5 

44.0 

45.5 

i 45.0 

45.0 

10 


1 45.5 

44,8 

41.8 

44.8 

30 


I 43.0 

44.0 

41.0 

43.5 

50 

maSM 

•15.5 

45.0 

41.8 

44.5 

100 

3.5 

34.0 

17.5 

30.0 

11.5 

200 

1.5 

8.5 

G.O 

3.5 

6.5 

300 


4.0 

5.0 1 

3.8 

4.0 



lOOYpcrlOcc. 

lOOYPerlOcc. j 

100 YperlOcc, 

lOOYperlOcc. 

1 

0 i 


47.0 

44.8 

43.0 

44,0 

100 


44.0 

42.0 

39.5 

22.0 

300 

7.5* 

7.5 

26.0 

4.0 

4.5 

1,000 


5,0 

15.8 i 

4.5 

5.0 

2,000 



4.5 





3000 y per 10 cc. 

3000 Y per 10 cc. j 

3000 Y per 10 cc. 

3000 Y per 10 cc. 

0 


45.8 


46.0 

4S.0 

10,000 


5.0 


5.2 

4.0 


* Supplemented with lO-y of pantothenic acid per tube. 


aspartic add below levels of 200 to 300 y per 10 cc. of analogue but was 
completely ineffective at higher concentrations of the inhibitor. As- 
paragine gave similar results but did not appear to be as active as ^-alanine. 

The effect of added pantothenic acid on the molar ratio of hydroxy- 
aspartic add to aspartic add for maximum inliibition is sho^ra in Table V. 
Addition of 5 7 of pantothenic acid per 10 cc. resulted in a change of the 
antibacterial index from 3 to 20 in this and similar experiment.*?. The anti- 
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bacterial index determined both with and mthout added pantothenic 
acid varied with the temperature of incubation. For example, in tests 
with incubation for 16 hours at 37-38° a change of antibacterial index 
from 10 to 30 was obtained on the addition of 5 t of pantothenic acid per 
10 cc. of medium. 

Addition of 50 7 of pyridoxamine, 0.1 7 of biotin, 5 7 of riboflavin, 5 7 of 
nicotinic acid, 0.2 7 of folio acid, 5 7 of tliiamine, or 1 7 of p-aminobenzoic 


Table V 

Effect of Pantothenic Acid on H ydroxyaspartic Acid Toxicity 


Test organism, Escherichia coli; incubated 18 hours at 38-39°. 


Hydroxyaspartic acid 

i(+)-Aspartic acid 

Galvanometer reading 

Without pantothenic acid 

With pantothenic acid, 

5 7 per 10 cc. 

y per 10 cc. 

7 per 10 cc. 1 

1 


0 


57.5 

58.5 

10 

0 

30.0 

54.5 

30 

0 

4.0 

28.0 

50 

0 


10.0 

100 

0 


4.5 

0 

30 

50.0 

52.0 

30 

30 

13.0 

53.0 

100 

30 

6.0 

51.0 

300 

30 

4.0 

13.5 

500 

30 


9.0 

1000 

30 i 


4.0 

0 

100 

53.5 

52.0 

100 

100 

19.0 

1 53.0 

300 i 

100 i 

4 0 

39.0 

1000 

100 j 


15.0 

2000 

100 


6.0 


Antibacterial index = 3 without pantothenic acid, 20 with added pantothenic 
acid. 


acid per 10 cc. of medium in place of pantothenic acid did not affect the 
toxicity of h3''droxyaspartic acid for Escherichia colt. 

Even though the rate of gi*owth of the organism in a medium supple- 
mented with all the vitamins (except pantothenic acid) in the quantities 
listed above was found to be greater than in a medium supplemented with 
pantothenic acid alone, the antibacterial index determined in the medium 
containing 5 7 of pantotlienic acid per 10 cc. was found to be 3 to 9 times 
that determined in the medium supplemented ^rith the nutrilite mixture. 
The latter antibacterial index was almost identical vnth. that obtained in 
a medium containing none of these vitamins. 
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The relative ability of aspartic acid and glutamic acid to reverse the 
toxicity of hydroxyaspartic add is shown in Table XI. Glutamic acid 
and aspartic acid were equally effective except at high concentrations, 
at which glutamic acid began to show decreasing activit}". Oxalacetic 
acid, malic acid, succinic acid, and fumaric acid were found in similar tests 
to be completely ineffective in reversing the inhibition. 

Table VI 

Reversal of Hydroxyaspartic Acid Toxicity by l{A')'Glutamic Acid 
Test organism, Escherichia coli; incubated 16 hours at 37°. 


Hydroiyasporlic acid 

Galvanometer rcadinss for reversins agent 

/ (-{-)* Aspartic acid, 0 y per 10 cc. 

i(~r)-GIatamic add 

7 per 10 CC. 



0 

4S.0 


30 

48.5 


100 

8.0 


300 

i 



1 30 y per 10 cc 

307pcr‘10cc. 

0 

47.5 

47.3 

100 

40.0 

43.0 

300 

6.0 

8.0 

1000 

1.0 

5.0 


100 7 per 10 cc. 

loo 7 per 10 cc. 

0 

48.3 

47.5 

100 

44.5 

44.6 

300 ! 

21.0 

27.3 

1000 

1.0 

1.0 


300 7 per 10 cc. 

300 7 pez 10 cc. 

0 

47.0 I 

53.1 

100 

46.0 ' 

48.4 

300 

44.0 

37.0 

1000 

20.5 

6.0 

3000 

1.0 ! 

1.0 


Isoserine, which bears the same structural relationship to hj’drox)'- 
aspartic add as /3-alanine to aspartic add, did not inhibit gro^\'th 
of Escherichia coli at a concentration of 10 mg. per 10 cc. 

Discrssiox 

In a number of instances the amount of analogue required to cause 
growth inhibition is in a constant molar ratio to the amount of metabolite 
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present over a wide range of concentration. This is true only when the 
other components of the medium are the same and when the size of inoculum 
and time and temperature of incubation are not allowed to vary. This 
may be interpreted mathematically by assuming that inhibition of gro^vth 
of a microorganism results from competition of the analogue with a me- 
tabolite for a specific enzyme and that the analogue-enzyme complex is 
not capable of carrying out the normal function of the metabolite. 

Competition of an inhibitor (analogue, in our case hydroxyaspartic 
acid), 7, with a substrate (metabolite, in our case aspartic acid), S, for an 
enzyme has often been represented by the follo^\'ing equations where P 
represents the product and ES and El represent the enzyme-substrate 
complex and enzyme-inhibitor complex, respectively. 

E + S^ES->E + P 
E + l^EI 


By mass law. 


im _ 

[ES] ~ 


( 1 ) 


where Ks is the dissociation constant of the enzyme-substrate complex, and 


IE][I] __ 
lEI] 


( 2 ) 


where Kj is the dissociation constant of the enzyme-inhibitor complex. 
By dividing Equation 2 by Equation 1, one obtains 

m ^ KjiEi] 

IS] KslES] 

If represents the total enzyme concentration, both free and combined, 
by definition 


lEt] = [E] 4 - [El] 4 [ES] ( 4 ) 

In application of these equations to inhibition of growth of micro- 
organisms, the follovdng limitations simplify the problem. (1) Under the 
limiting conditions of defined basal medium, size of inoculum, and time 
and temperature of incubation, the total amount of growth of a micro- 
organism is a function of the amount of product (P) formed by the inhibited 
enzyme reaction when this reaction becomes the limiting factor of growth, 
specifically when growth of the organism is being inhibited by the analogue. 
Since the total amount of g^o^vth is constant for a defined inhibition, the 
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amount of product (P) formed during the constant time of incubation is 
constant. Since the rate of formation of the product is directlj^ propor- 
tional te [ES] and the time of incubation is constant, then [ES] = C^si 
a constant concentration of enzyme-substrate complex. (2) For con- 
centrations of substrate and inhibitor approaching that of enzjTne satura- 
tion, [P] — > 0 and is negligible in comparison [El]. Since [ES] is 
constant and [E] is negligible in comparison Tvith [El], by assuming [P,] to 
be constant in the bacterial cell during gro^rth, it is then apparent from 
Equation 4 that [El] = Cj, a constant concentration of enzjTne-inhibitor 
complex. The assumption that [P/] is constant in the cell during bacterial 
growth has been made by Wyss (15) in applying sinular equations to the 
inhibition of gro^^dh of Escherichia coli by sulfanilamide to show that the 
inhibition was competitive. Effects of substrates on synthesis and sta- 
bility of enzymes have been noted (16), but, by growing the organism in a 
medium containing the substrate before testing with an inhibitor, these 
effects presumably become negligible. 

Hence, hy substitution of C^i and C^s respectively in Equation 3, we 
obtain Equation 5 which may be applied to the instances under discussion 


in ^ KjC^r 


(5) 


where K is the molar ratio of analogue to metabolite within the bacterial 
cell for a given inhibition. If it is assumed that this concentration ratio 
within the cell is a function of the concentration ratio in the medium, then 
the latter ratio is also constant for a given inhibition. 

If the metabolite, P, is utilized by an orgariism in several enzyme s^'stems 
to synthesize several products, Pi, P-, P 3 , etc., then a specific analogue, 
7, may be capable of preventing the conversion of S to one or more of these 
products. If one of these conversions, for example P — > Pi, is inhibited 
to the largest extent and becomes the limiting factor for gro'\\"th, Equation 
5 applies to that particular enzyme sj^tem, and the K value (becoming 
Ki for this particular case) is the molar ratio for a defined inhibition. For 
maximum inhibition, Ki, a property of the enzyme effecting the conversion, 
P Pi, would indeed be the antibacterial index. 

However, if Pi is supplied in excess of growth requirements to the 
organism, the effect of I on the conversion, P Pi, is of no consequence in 
inhibiting the growth of the bacteria. If the analogue cannot combine 
with other enzymes which convert P to Pj, Pjj’etc., the analogue becomes 
ineffective as a growth inhibitor. But in many cases, the analogue may 
also prevent other reactions, say P — » Pj, in which case addition of Pi in 
excess of growth requirements would not render the analogue ineffective 
as a growth inhibitor, but on the contrary, this second enzyme system. 
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which becomes the limiting process for growth, is affected. Equation 5 
applied to this particular enzyme system would give a higher K value, 
Kz, which would then be the molar ratio for a given inhibition (or in case 
of maximum inhibition, the antibacterial index) of the organism when 
grown in the presence of Pi, Thus, addition of the product (or its equiva- 
lent) of an inhibited enzyme system merely necessitates a change in ratio 
of analogue to metabolite sufficient to inhibit the enzyme system mih the 
next higher K value in order again to prevent growth of the organism. 

The change in molar ratio for maximum inliibition, the antibacterial 
index, resulting from addition of pantothenic acid (or /9-alanine) to the 
medium is an example of the effect of addition of the product (or its equiva- 
lent) of the inliibited enzyme system to the medium. The inhibited 
enzyme system is no longer indispensable, since the product is already 
present; however, another enzyme S3"stem is affected, as is revealed by a 
higher antibacterial index corresponding to this other enzyme system. 

Thus, aspartic acid, aside from its share in the synthesis of proteins, 
has been found to be an Intermediate in the biological synthesis b^’’ Escher- 
ichia coli of essential metabolites. The functioning of the enzyme system 
which synthesizes the /3-alanine portion of pantothenic acid is blocked by 
hydroxyaspartic acid reacting in competition with aspartic acid. Since 
isoserine, w^hich might have been formed by decarboxylation of hydroxy- 
aspartic acid, w^'as ineffective in inhibiting growth, competition between 
isoserine and /9-alanine is eliminated as a possibility; so, the decarbox^dation 
of aspartic acid to /9-alanine is the probable step in the synthesis of panto- 
thenic acid which is blocked. These results do not preclude the possibility 
that the aspartic acid combines wdth other groupings such as the pantoyl 
group before decarboxylation. Asparagine is as effective as aspartic acid 
in preventing the toxicity of lydroxyaspartic acid at low” concentrations 
but is not converted to any appreciable extent into aspartic acid above a 
definite level of the inhibitor. 

Of gi'owth factors and amino acids studied other than aspartic acid, 
only glutamic acid effectively prevented the toxicity of hydroxyaspartic 
acid over a range of concentrations. » Glutamic acid was as effective as 
aspartic acid up to 100 y per 10 cc. of medium. Beyond that the effective- 
ness of glutamic acid decreased and w”as not enhanced by oxalacetic acid. 
The most logical explanation of this effect is that the transamination re- 
action converting glutamic acid and oxalacetic acid to aspartic acid and 
ketoglutaric acid is dependent upon the amount of glutamic acid available 
and not upon oxalacetic acid which Escherichia coli presumably produces in 
sufficient quantities. The enzyme system may not be capable of converting 
large amounts of glutamic acid to aspartic acid, or large amounts of hj^drox}”- 
aspartic acid may inhibit the functioning of the enzyme. 
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Lidistein and Cohen ( 17 ) have recently shown that Escherichia cdlij 
among other organisms, readily converts glutamic acid to aspartic acid by 
the transamination reaction. 

Although resting Escherichia coli cells decompose aspartic acid to fumaric 
acid and ammonia b}^ a reversible process ( 18 ), fumaric acid showed no 
abilit}' to reverse hj'droxyaspartic acid toxicity on rapidi3" growing Escher- 
ichia caJi. Succinic acid, malic acid, and oxalacetic acid were also ineffec- 
tive. 

This method of investigation has shown promising results in connection 
with the study of other transformations, details of which will be presented 
in forthcoming papers. 

The authors are indebted to Dr. Roger J. Williams for valuable criticisms 
and suggestions. 


STTJEUARY 

d^para-H 5 ’’drox 3 'aspartic acid and Tneso-diaminosuccinic acid have been 
found to inhibit competitively some of the functions of aspartic acid in 
Escherichia coli, Hj^’droxyaspartic acid also inhibited growth of Leuconos- 
toe mcsenteroidcs w’hich requires aspartic acid for growth. 

The inhibition of growdh of Escherichia coli b3^ h3"drox3"aspartic acid was 
also prevented over wide ranges of concentration b3^ glutamic acid w'hich 
must therefore serve as a precursor of aspartic acid. Pantothenic acid, 
^-alanine, and asparagine were effective in preventing the toxicit3' of 
hydrox3"aspartic acid for E, coli onl3' at low’ levels of h3’drox3’aspartic acid 
concentration. The effect of suppl3’ing pantothenic acid in the medium 
raised the antibacteiial index to a higher value. A mathematical inter- 
pretation of the antibacterial index is given, and the following conclusions 
are drawn. ( 1 ) Aspartic acid is a precursor in the bios3’nthesis b3’ E. coli 
of the ^-alanine portion of pantothenic acid. ( 2 ) / 5 -AIanine is also used b3’ 
the organism for pantothenic acid s3nthesis- ( 3 ) Under the conditions 
of testing, aspara^e is not converted to aspartic acid to an3’ appreciable 
extent when the concentration of h3'drox3’aspartic acid is above a given 
level. ( 4 ) At least one additional bios3nthetic transformation involring 
aspartic acid is prevented b3’ sufficient amounts of h3’drox3’aspartic acid. 
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BIOCHEiMICAL TRANSFORMATIONS AS DETERMINED BY 

competitht: analogue-metabolite growth 

INHIBITIONS 

II. SOME TRANSFORMATIONS INVOLVING p-AMINOBENZOIC ACID 

By WTLLL\M SHIVE and ELIZABETH CUNNINGHAM ROBERTS 

{From the Clayton Biochemical Institute and the DepoTlment of Chemistry, 

The University of Texas, Austin) 

(Received for publication, December 21, 1045) 

The effectiveness of p-aminoben^oic acid in preventing the antibacterial 
action of sulfanilamide was the first basis for classifying p-aminobenzoic 
acid as an essential metabolite (1). However, substances other than 
p-aminobenzoic acid have been reported to ''antagonize” the inhibitoiy 
action of sulfanilamides (2-4). 

Using Escherichia coli as a test organism, Kohn and Harris (5) studied 
the "antagonism” of sulfanilamide action by methionine and postulated 
a metabolic interrelationship between p-aminobenzoic acid and methionine. 
In reporting "antagonistic” action of purine bases toward sulfanilamide 
inhibition of lactic acid bacteria, SneU and Mitchell (6), referring to the 
work of Kohn and Harris (5), proposed that this interrelationship could 
be extended to include the purine bases, adenine, guanine, xanthine, and 
hypoxanthine. 

Regarding the mechanism of competitive inhibition of growth by an- 
alogues of metabolites and its utilization in studying biochemical trans- 
formations, it was proposed in Paper I (7) that the antibacterial index is 
determined by the inhibited enzyme system which is the limiting factor 
for growth of the organism. Upon supplying the product of this specific 
limiting cnzjme system to the organism in excess of growth requirements, 
the analogue either becomes ineffective as a growth inhibitor or at higher 
concentrations affects another enzyme system to which a new antibac- 
terial index corresponds. 

In the present investigation, the competitive inhibitions of p-anuno- 
benzoic add metabolism by sulfanilamide and by 4-amino-2-chlorobenzoic 
acid (8) and so called "antagonists” of their inhibitory action have been 
studied with respect to the above proposals. 

For Escherichia coli, it has been found that the antibacterial inde.\ of 
4-amino-2-chlorobenzoic acid is related to the enzyme system which syn- 
thesizes methionine. If methionine was supplied in the medium, the an- 
alogue became ineffective as a growih inhibitor. Also it vras found that 
the antibacterial index for sulfanilamide inhibition of Laciohacillus arab- 
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inosus 17-5 was changed to a higher value by supplying purine bases in 
the medium. The lowest antibacterial index obtained in inhibiting growth 
of Escherichia coU with sulfanilamide corresponded to the enzyme system 
which S 3 mthesizcs methionine. The next higher antibacterial index ob- 
tained in a medium containing methionine was associated v-ith the enzyme 
system synthesizing the purine bases, guanine or xanthine, or products 
into which the purines could be converted by the organism. In a medium 
containing both purine bases and methionine, a still higher antibacterial 
index was obtained which corresponds to a tliird unexplored enzyme system 
in which sulfanilamide also competitively inhibited the functioning of 
p-aminobenzoic acid. Details of these experiments and their significance 

Table I 


Effect of Increased Amounts of Adenine Sulfate on Sulfanilamide Toxicity for 
Lactobacillus arahinosus 17-6 
Incubated IG hours at 31-'32°. 


Adenine 

sulfate 

Amino- 
benzoic acid 

i 

1 

Sulfanilamide por 10 cc. 

O 7 

3y 

10 y 

30 7 

100 y 

300 7 

1000 7 

Galvanometer reading* 

y per 10 cc. 

y per 10 cc. 








0 

0.1 

81 

73 


2 1 

2 



30 

0.1 

87 

81 

74 

19 

2 



100 

0.1 

90 

90 

87 

55 

3 



300 

0.1 

89 

88 

75 

11 

2 




0.1 

89 

85 

51 

30 

2 



0 

1.0 

SO 



38 

5 

2 

2 

30 

1.0 

86 



83 

78 

40 

2 

100 

1.0 

90 



88 

1 88 

! 79 

8 

300 

1.0 

90 



90 

87 

72 

4 

1000 

1.0 

90 



90 

88 

65 

2 


* A measure of culture turbidity; distilled water reads 0, an opaque object 100. 


in tlie study of biochemical transformations and in the search for chemother- 
apeutic agents are presented below. 

EXPERIMENTAL 

Testing Methods — Inocula, conditions of testing, and basal medium for 
Lactobacillus arahinosus 17-5 were essentially those described by Snell, 
Guirard, and Williams (9) but modified as indicated by Snell and Mitchell 

(6) . Tests with Escherichia coli were carried out as previously described 

(7) . Time and temperature of incubation are given with Tables I to V. 

Results 

The effect of increased amounts of adenine sulfate on sulfanilamide 
toxicity for Lactobacillus arahinosus is shown in Table I. The amount of 
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sulfanilamide required for maximum inhibition in the presence of adenine 
sulfate was 10 times that required for maximum inhibition in the absence 
of this purine. The effectiveness of adenine sulfate did not change appreci- 
ably with increases in concentiation above the initial 30 y per 10 cc. even 
to concentrations of 1 mg. per 10 cc. 

T\bi.i: II 


B§ecl of Punne Bases on Sutfamlamide ToxtcUy for IjaclohaciUus arahnosus 17-S 
Incubated 16 hours at 31-32® 




t Gal\‘aB{Kneter rcadujg 


Sulfan3aini<ie 

^Ammobcnzoic aod 

1 

With added ; 

purine bases 

j Without added 
punne bases 

1 ; 
i 

Ademne sulfate, 
intamce hydro- 
dbionde, xanthine, 
10 y each per 10 cc. : 

Adenine sulfate, 
300 7 per 10 cc. 

y per 10 cc 

0 

y per 10 cc 

0 m 

1 : 

76 

S2 

S3 

0 3 


! 4S 

SO 

72 

1 0 


b i 

69 i 

73 

3 

0 01 1 

1 2 

31 1 

17 

10 

0 01 ! 

2 

5 i 

5 

0 

0 1 ! 

SI 

SO 

90 

3 1 

0 1 i 

73 1 

So 

90 

10 

0 1 

S 

7S 

87 

30 

0 1 

2 

33 

55 

100 

0 1 

2 

3 

3 

0 

1 0 


S4 

90 

30 

1 0 

3$ 

82 

SS 

100 i 

1 0 

5 

72 

SS 

300 

1 0 j 

2 

20 

1 79 

1000 

1 0 ; 

2 

2 

i s 

0 

3 0 

So 

S5 

! S9 

100 

3 0 

63 

So 

i S9 

300 

3 0 

4 1 

7S 

1 SS 

1000 

3 0 

2 i 

46 

: 70 

3000 

3 0 

2 

4 

i 29 

1 - 

.\ntibacterial index 

100 

1000 

I 

1000 


The effect of purine bases on sulfanilamide toxicity for Laclohadllus 
arahinosus as shown in Table II is that of changing the molar ratio for 
maximum inhibition of giowth, the antibacterial index, from 100 to 1000. 
A mixture of purine bases, adenine sulfate, guanine hydrochloride, and 
xanthine was no more effective than adenine sulfate alone. The anti- 
bacterial indices were determined over a 300-fold increase in p-amino- 
benzoic acid concentration. Methionine in independent experiments 
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involving a medium containing hydrolyzed casein had no effect on sulfanila- 
mide toxicity for Lactobacilbis arahinosns either in the presence or absence 
of purine bases. 

As shoira in Table III, the molar ratio for maximum inhibition of groirth 
of Escherichia coli vdth sulfanilamide was 3000 determined in the absence 
of methionine and 10,000 in the presence of methionine. 


Table III 

Effect of Mcthiojivic on Sulfanilamide Toxicity for Escherichia coli 
Incubated 16 hours at 37-38°. 


Sulfanilamide 

^•Aminobcnzoic acid 

Gahanometer fcad/n^ 

Without added 
dLmclhionine 

With added d/-methioninc» 
loo 7 per 10 cc. 

y per JO cc 

y per 10 cc 



0 

0 

50 

52 

100 

0 

48 

50 

300 

0 

8 

49 

1,000 

0 

2 

25 

3,000 

0 

1 

4 

0 

0.3 

49 

51 

300 

0.3 

45 

49 

1,000 

0.3 

4 

46 

3,000 

0.3 

2 

10 


0.3 

2 

3 

0 

1.0 

49 

50 

1,000 

1.0 

44 

48 

3,000 

1.0 

5 

43 

10,000 

1.0 

1 2 

1 5 

30,000 

1.0 

1 

1 

0 

3.0 

47 

50 


3.0 

41 

! 48 

10,000 

3.0 

6 

41 

30,000 

3.0 

2 

7 

50,000 

3.0 

« 

1 

1 

Antibacterial index 

3000 

10,000 


The effect of purine bases in the presence and absence of methionine on 
sulfanilamide toxicit}’* for Eschenchia coli is shown in Table IV. In the 
absence of methionine, purine bases had no effect on the toxicitj’' of the 
sulfanilamide, but in the presence of methionine, the addition of purines 
changed the antibacterial index from 3000 to 30,000. Xanthine and gua- 
nine are apparently interconvertible by Escherichia coli, as each alone was 
as effective as a mixture of both. In other tests, adenine not only did not 
'^antagonize'’ sulfanilamide action but slightly increased the toxic effects. 
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The antibacterial index varies wth size of inoculum and time and tem- 
perature of incubation, and variations such as 3000 to 10,000 in separate 
tests are not uncommon unless an unusual effort is made to keep the con- 

Table IV 

E^eel of Purine Bases in Presence and Absence of dl^Melhioninc on SulfanHamide 
Toxicity for Escherichia coli 
Incubated 16 hours at 3S-39®. 






Galvanometer reading 



/•'Amino- 
benzoJc add 



Purine bases added 

Stti/znilerstde 


Ko purine 
baises added 

Xanthine, 
lOO y per 10 cc. 

Guanine 
hydrochloride, 
100 7 per 10 cc. 

Xanthine and 
guanine 
hydrochloride, 
100 7 each per 
10 cc. 

T per 30 c(, 

0 

T P^r lO cc. 

0 


46 



54 

100 

0 


44 



49 

200 



3 


4 

2 

0 



4S 

51 

48 

50 

300 


100 

45 

48 

47 

4S 

1,000 

0 


3 

15 

23 

22 

3,000 


100 

2 

8 

10 

10 

10,000 



2 

3 

3 

6 

0 



4S 

52 

49 

50 

300 

0,3 


49 

49 

48 

4S 

1,000 


100 

3 

47 

44 

43 

3,000 

■IB 


2 1 

35 

25 

23 

10,000 

hh 


2 

8 

9 

9 

30,000 

0.3 


2 

5 

4 

5 

0 

1.0 


47 

50 

48 

51 

1,000 

1 0 

i 100 

47 

47 

44 


3,000 

1.0 


i 3 

44 

45 

BB 

10,000 

1.0 


1 2 

13 

14 

■fl 

30,000 

1.0 


2 

6 

T 

9 

50,000 

1.0 


2 

3 

4 

4 

0 

3.0 


4S 

30 

48 

50 

3,000 

3.0 


49 


47 

4S 

10,000 

3.0 


3 

45 

43 

45 

30,000 

3.0 


3 

12 

14 

13 

50,000 

3.0 

|HS| 

3 

4 

3 

6 

Antibacterial index 


3000 

30,000 

30,000 

30,000 


ditions exactly the same; hence, all data for comparative purposes must 
be obtained in a single test. This t>*pe of variation accounts for the differ- 
ence in antibacterial index obtained udth Escherichia colt in the presence of 
methionine in separate tests, Tables III and IV. 
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The molar ratio of 4-armno-2-chlorobenzoic acid to p-aminobenzoic 
acid for maximum inhibition of Escherichia coli is shown in Table V to be 
about 3000. When methionine was added to the growth medium, no 
effective inhibition of gro^vth was obtained even when the inhibitor was 
at a concentration of 10 mg. per 10 cc. of medium. In a different experi- 
ment, 4-amino-2-chlorobenzoic acid did not inhibit grovi^h of Lactobacillus 
arabinosus at a concentration of 10 mg. per 10 cc. in the presence of 0.1 
7 of p-aminobenzoic acid per 10 cc. of medium. 

Tabli: V 


Effect of Methionine on Toxicity of i-Amino-2‘chlorohcnzoic Acid for Escherichia coli 
Incubated 16 hours at 38-39° 


4'Aniino-2-chlorobenzoic 

acid 


Galvanometer reading 

/>-Aminobenzoic acid 

Without added 
d/-jnclhionine 

With added 
d/-methioninc, 

100 r per 10 cc. 

y per 10 cc, 

0 

y per 10 cc. 

0 

48 1 

50 

100 

0 

45 

49 

300 

0 

9 

48 

1,000 

0 

1 

48 

3,000 

0 


45 

10,000 

! 0 


41 

0 

! 0.3 

49 


300 

! 0.3 

' 44 


1,000 

0.3 

1 


0 

1.0 

48 


1,000 

1.0 

44 


3,000 

1.0 

1 


0 

3.0 

48 


3,000 

3.0 

43 


10,000 

3.0 

1 


Antibacterial index . . 

' 3000 

>100,000 


DISCUSSION 

In clarifying the discussion of some so called “antagonists” of competitive 
analogue-metabolite gro\\i)h inhibitions, it is desirable to introduce a new 
term, product inhibition index. The term is defined as the molar ratio of 
analogue to metabolite at which the rate of synthesis of the product is the 
limiting process for gro\Hh and is reduced to such an^extent as to prevent 
growth of the organism in a medium free of the product. 

To illustrate its use, we may say that the metliionine inhibition index ol 
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Escherichia coH in the case of sulfanilamide is the molar ratio of sul- 
fanilamide to p-aminobenzoic acid (in a methionine-free medium) which 
inhibits the synthesis of methionine sufficiently to stop growth of the or- 
ganism. 

For a given analogue of a metabolite in a medium free of products de- 
rived from the metabolite, the lowest product inhibition index is the anti- 
bacterial index. If some of the products are supplied in excess of growth 
requirements, the lowest inhibition index of the products which are not 
supplied becomes the antibacterial index. If aU the products are supplied 
in excess, the analogue becomes ineffective as a growth inhibitor. 

The product inhibition index varies just as the antibacterial indax^with 
size of inoculum and time and temperature of incubation; so slight %-aria- 
tions among separate tests are noted unless special precautions are taken 
to keep these constant. 

The purine base inhibition index of Lfadohactllus arahtnosus was 100 under 
the conditions of testing shown in Table 11. When adenine or a nuxture 
of purine bases was supplied, another product inhibition index, which 
amounted to 1000, became the antibacterial index. According to the work 
of Snell and jMitchell (6), Laclohacillm arahinosus appears to be capable 
of interconverting xanthine, hypoxanthine, adenine, and guanine. Thus, 
these purine bases in general are products of metabolism invohing an en- 
zyme system in which p-aminobenzoic acid fimctions. 

In our experiments, the methionine inhibition index of Escherichia colt 
for sulfanilanude was about one-third the purine base inhibition index 
which was in turn one-tenth as large as another inhibition index of a prod- 
uct as yet unknown. Hence, the antibacterial index varied SCkfold, 
depending upon whether or not these two products were present in the 
growth medium. For Escherichia coir, guanine and xanthine appear to 
be interconvertible, but adenine was found to enhance slightly sulfanila- 
mide toxicity for the organism. Hence, methionine and the purine bases, 
guanine and xanthine, are products of enzyme systems in which p-amino- 
benzoic acid functions. 

Kohn and Harris (5) earlier concluded that p-aminobenzoic acid fimc- 
tions in the synthesis of methionine. The experimental data upon which 
their conclusion was based are as follows: (a) ^Methionine pre%'ented 
sulfanilamide toxicity for Escherichia colt onl^* below a definite level of 
inhibitor. (6) Inhibitory action of ethionine was prevented by methionine, 
but not by p-aminobenzoic add. The possibility that methionine and 
another material could have been precursors for p-aminobenroic acid vras 
discarded, because p-aminobenzoic add did not antagonize the toxidty 
of ethionine. In the light of our findings, the basis for their conclusion 
does not appear completely valid. For example, purine bases and metbio- 
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nine are products of enzyme systems in which p-aminobenzoic acid func- 
tions in Escherichia coli, but purine bases, a product or its equivalent, do 
not exert an ^'antisulfanilamide^' effect in the absence of methionine. 
Hence, the failure of p-aminobenzoic acid to prevent ethionine toxicity did 
not eliminate the possibility of p-aminobenzoic acid being a product of 
methionine metabolism. 

For 4-amino-2-chlorobenzoic acid, the methionine inhibition index 
of Escherichia coli was 3000, as shown in Table If methionine wrs 
supplied in excess of growlih requirements, the analogue was ineffective 
as a growth inhibitor; hence 4-amino-2-chlorobeiizoic acid is a specific 
inhiljitor of the functioning of p-aminobenzoic acid in methionine synthesis. 

An analogue of a metabolite may not react with all the enzymes nith 
which the metabolite reacts, and the enz5^me-analogue complexes which are 
formed may or ma}'' not function as the enzyme-metabolite complexes. 
Hence, analogues may be more specific than the metabolite itself; so in 
the study of gi’owth inhibitions by analogues of metabolites, knowledge of 
the composition of the growth media is imperative. For example, if the 
inhibiting properties of 4-amino-2-chlorobenzoic acid had been studied in 
a medium containing methionine in excess of growth requirements, it would 
have been found to be completely ineffective as a growth inhibitor. By 
improper choice of media, including those of unknoum composition, power- 
ful inhibitors of synthesis of some of the products included in the media 
may be overlooked, because under these conditions inhibitors may become 
completely ineffective. If the effective medium at the site of an infection 
lacks constituents which are present in the medium used for in vitro tests, 
valuable chemotherapeutic agents may be complete!}’’ overlooked. Con- 
versely, chemotherapeutic agents which are worthless in vivo may appear 
highly potent in vitro if they are tested in media lacking products wliicli 
are present at the site of an infection. Ideally, therefore, in vitro tests for 
chemotherapeutic agents should be made in a medium resembling as closely 
as possible that present at the site of infection. The lack of correspondence 
between in vitro and in vivo tests is probably due to a large extent to a 
failure to observe this principle. 

The authons are indebted to Dr. Roger J. Williams for valuable criticisms 
and suggestions and to Dr. Orville Wyss for the 4-amino-2-chIorobenzoic 
acid used in this work. 


SUMMARY 

Some ^^antagonists” of sulfanilamide action have been found to be 
products or their equivalent of enzymatic reactions in which p-amino- 
benzoic acid fvmctions. 
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The term, product inhibition index, is proposed and defined as the molar 
mtio of analogue to metabolite at which the rate of synthesis of the product 
is the limiting process for growth and is reduced to such an extent as to 
prevent gro'wth of the organism in a medium free of the product. 

For sulfanilamide, the methionine inhibition index of Eschenchia colt 
is one-third of the purine base inhibition index, and the purine base inhibi- 
tion index is one-tenth that of the inhibition index of another product as 
yet unknowTi. Thus, p-aminobenzoic acid functions in the s^mthesis of 
methionine and purine bases, xanthine and guanine, in E, colu 4-Amino-2~ 
chlorobenzoic acid is show^i to be a specific inhibitor of methionine syn- 
thesis by E. colL The purine base inhibition index of Ladohacillus arohfn- 
osus is one-tenth that of the inhibition index of another unknown product. 
Hypoxanthine, xanthine, guanine, and adenine, all being interconvertible, 
are products of an enzyme system of Laciohacillvs arahinosus in which 
p-aminobenzoic acid functions. 

It is indicated that knowledge of the composition of media is imperative 
in seeking out competitive inhibitors of metabolite functioning. Valuable 
chemotherapeutic agents may be completely overlooked if the medium 
used for in vitro tests contains products not present in the effective 
medium at the site of the infection to be treated. Conversely, chemothera- 
peutic agents which are worthless in vivo may appear highly potent in 
vitro if they are tested in media lacking products which are present at 
the site of an infection. 
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CHAIsGIS THAT OCCUR IK PLASMA PROTEIKS 
DURING GROWTH OF THE DOG 

Hr LBXA A. LEWIS 

(From the IJcscarch Division of the Cleveland Clinic Foundation, Cleveland) 
(Received for publication, December 6, 1915) 

Verj* few studies of change in plasma proteins incident to growth have 
been made. In 1918, Hatai (1) measured the changes with growth in the 
refractive index of rat serum, from w^hich some information concerning the 
proteins could be drawn. Smith and co workers (2, 3) studied total nitrogen 
in rat serum from the time the animals were weaned to full maturity, and 
albumin and globulin changes during the period of most rapid growth. 
The fractionation of the proteins was made by the Howe precipitation 
method. In order to obtain further information concerning the effect of 
growth on the different proteins, the present studies with the Tiselius elec- 
trophoresis technique were undertaken. Dogs were selected as the experi- 
mental animal so that the changes could he followed on the same subject 
throughout. By the electrophoresis technique with phosphate buffer, pH 
7.8, six fractions are separated : albumin, ar^ohulin, arglobulin, ^-globulin, 
7 -globulin, and fibrinogen. 

Methods and Material 

Four litter mates, mongrel puppies (two male and two female), were 
studied from the time of weaning at 6 weeks imtil full growth w'as attained. 
The diet consisted of cow’s milk, Purina dog chow% and groimd horse meat. 
When the animals were 4 months of age, the milk was discontinued. No 
attempt was made to detennine the amount of food ingested by each dog. 
Blood was collected from the femoral artery approximately once a month, 
^lore frequent bleedings were avoided so that alterations could not be 
attributed to blood loss. Total protein nitrogen was determined by the 
Pregl modification of the micro-Kjeldahl method. A non-protein nitrogen 
of 25 mg. per 100 ml. was assumed. The Longsw’orth mo^cation of the 
Tiselius electrophoresis technique was used to fractionate the proteins (4). 

Results 

The details of composition of the plasma of Dog 47 are showm in Fig. 1 to 
illustrate the trends observ^ed. While the absolute values varied consider- 
ablj’- from dog to dog, the general shift was similar in the four animals 
studied. The total plasma protein at the time of the initial examination 
fell between 3.6 and 4.4 gm. per 100 ml. There was no correlation between 
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WEEKS - 6 !0 17 27 35 46 

AGE 

Fig. 1 . Changes in the plasma protein fractions of Dog 17 during grontli Obser- 
vations by the electrophoresis •method in phosphate bufTcr of pH 7 S, ionic strength 
0.16. 

the body weight and the plasma protein level. In three of the four dogs 
there was a dectcase in the total plasma protein during the 1st month 
following weaning and in all cases there was a fall in the albumin level. 
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The albumin decrement was 0.7, 0.1, 0.3, and 0.5 gm. per 100 ml., respec- 
tively. The 7 -globulin increased to 2.5 times the initial value during the 
same period. The other globulins showed no consistent change. 

When the animals were between 3 and 5 months of age there was a large 
increment in both the total protein and the albumin. The average incre- 
ment in total protein was 0.7 gm. per 100 ml., and in albumin 0.45 gm. per 
100 ml. After the 5th month, when the period of rapid growth was over, 
there was a lag in the rate of total protein and albumin increase. 

The fibrinogen showed a definite upward trend in all cases until the 5th 
month. Between the 5th and Gth montlis, a particularly large increment 
was observed. By the lOtli month, the level had decreased to 0.90, 0.78, 
and 0.65 gm. per 100 ml. in three of the dogs. The fourth dog had the 
mange during this period and showed unusually high fibrinogen values of 
1.7 gm. per 100 ml. 

Two of the dogs developed mange when they were 7 months old. This 
infection may possibly have modified the level of the protein fractions. 
One recovered within a few weeks. The other had a skin eruption for the 
remainder of the period of obscn'ation. 

In each case there was a slight decrement (0.35, 0.23, 0.23, 0,36 gm, per 
100 ml. respectively) in the total protein between the Gth and the 9th month, 
but there was at the same time a definite increase in albumin (0.43, 0.23, 
0.34, 0.41 gm. per 100 ml. respectively). 

When the animals werg fullj' grown the total plasma protein had in- 
creased between 1.0 and 1.5 gm. per 100 ml. from the level at weaning. 
Of this 0.63, 0.50, 0.48, and 0.31 gm. per 100 ml, respectively were albumin. 
In no case did the jff-globulin or the ai plus ofr-globulins show significant 
changes from the initial level. There was, however, a definite increase in 
the 7 -globulin level. The average increase from the level at weaning was 
110 per cent. 


DISCUSSION' 

Swanson and Smith (2) found that in rats the most pronounced increment 
in plasma protein nitrogen occurred in early life, from weaning imtil the 
rats were 50 days old. After that the increase was very gradual and the 
data indicated that an approximately uniform level was maintained in 
adult life. Our findings on dogs are similar, except for an initial slight drop 
in the total protein, and definite decrease in the albumin immediately fol- 
lowing weaning. 

The changes observed between the Gth and the 8th month probably corre- 
spond with those observed in rats at 60 to 80 days by Hatai and at 100 days 
by Swanson and Smith, and probably parallel the onset of se.\Tial maturity. 
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SUMMARY 

The total protein and Tiselius electrophoretic fractions were determined 
on the plasma of four dogs from the time the animals were weaned until 
they were fully grown. The total protein showed an initial slight drop, 
then a rapid increase during the period of most rapid gro^Yth. The 7* 
globulin increased markedly during this time. The albumin decreased 
during the 1st month, and returned to the initial level at about the 6th 
month. Between the 6th and 8th months a large increase in the albumin 
was observed. 

I wish to thank Mr. James Clark for valuable technical assistance 
throughout these studies. 
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A STUDY OF THE REQUIREMENTS OF WHITE LEGHORN 
CHICKS FOR NEW AND UNIDENTIFIED IVIEMBERS OF 
THE ^TTA]MIN B COMPLEX 

By H. G. PETERIXG,* J. P. MARVEL, C. E, GLAUSIER, Jr,, asx> J. WADDELL 
(From the Biological Laboratory y E, /. d\i Pont dc Nemours and Company ^ 

Kcic Brunsvrickj A’ctr Jersey) 

Reports published during the last fevr years indicate that there have 
been isolated from natural sources at least three compounds, all included 
under the term “folic acid,’* which have gro;\i;h and antianemia activity 
for chicks. These compounds are 'vdtamin Bc^ and \dtamin Be conjugate, 
both isolated b}' a group of workers in the Parke, Da^ laboratories (2-4), 
and Lactobacillus casci € factor from fermentation products (LCF) first 
obtained b}^ workers in the Lederle Laboratories (12). 'Tolic acid,” as 
originally described by Alitchell, Snell, and Williams (o), seems now to be 
accepted as an impure preparation of ’vitamin Be. Other factors in this 
group of compounds, such as the Slreplococcus lactis R factor (SLR) of 
Keresztesy ei aL (6), factors R and S of Schumacher, Heuser, and Norris 
(7), and \’itamins Bio and Bu of the Wisconsin workers (8) either have not 
been obtained in pure form, or adequate reports have not been made which 
would definitely indicate their role in chick nutrition. 

In the case of vitamin Be only reports on its activit}^ in preventing 
anemia in chicks have been extensive (2, 9-11, 1). Its effect on growth 
and feathering is not clear from published results because the growth 
obtained in most instances wdth pure preparations fell far short of that 
which might be expected from the use of a good practical diet. From the 
reports of Binkley et aL (3) and Pfiffner and coworkere (4) it may be 
accepted that the chick activity of vitamin Be conjugate is identical in aU 
respects with that of vitamin Be. Little or no data on LCF have been 
published by Hutchings et al. (12), the discoverers of this compound, but 
recent reports of Scott and associates (13, 14) indicate that LCF requires 
the presence of pyridoxic acids in order to show significant chick activity. 

We have carried out numerous chick experiments on the value of certain 
natural materials, of concentrates made from some of these, and of LCF 
and pyridoxic acids as supplements to a highly purified basal diet similar 
in all respects to that used by Briggs el ah (15). Some data are presented 
here in the hope that they may contribute substantially to a better tmder- 
standing of the value of some of these new and unidentified B complex 
vitamins in chick nutrition. 

• Present address, The Upjohn Company, Kalamazoo, Michigan. 

* Vitamin Be has apparently been synthesized by Augier tl al. (1), although the 
.synthetic product is called **liver L. casci factor^' by the authors. 
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KXPERIMENTAIi 

All experiments were conducted with day-old single comb white Leghorn 
cockerels from a single hatchery and a single flock. The basal diet which 
is similar to that used by the Wisconsin workers (15) is listed in Table I. 

Each bird received semiweekly 1 drop of fortified halibut liver oil which 
contained in each gm. 5000 A. 0. A. C. units of vitamin D, 60,000 U. S. P. 
units of vitamin A, and 15 mg. of added dZ-a-tocopherol acetate. 


Table I 
^050^ Diet 



pgr cent 

Gelatinized starch (Corn Products Refining Company) 

52.70* 

Casein (Smaco vitamin, test) 

18.00 

Gelatin (The Wilson Laboratories) 

10.00 

Soy bean oil (crude, expciler grade) 

5.00 

H—)-Cystino 

0.30 

KI supplementf 

1.00 

Salts supplement t 

10.00 

CaHP0r2H20 

1.00 

Biotin supplement § 

1.00 

Vitamin H 

1.00 


* Total carbohydrate adjusted to 60.42 per cent, account being taken of starch in 
the supplements. 

t 0 400 gm. of KI made up to 100 gm with starch and mi\cd hy grinding in a pebble 
mill. 

' t 8.364 gm. of XaCl, 16 112 gm. of K2HPO4, 3.748 gm. of CaHP0r2H20, 5.095 gm. 
of MgSO^MHiO, 14.988 gm. of CaCOa, 1 376 gm of Fe(CaH507)‘6H20 , 0.400 gm. of 
MnS04*4H20, 0.014 gm. of ZnCb, and 0.016 gm. of CuS04 -51120, made up to 100 gm. 
with starch and mi\ed by grinding in a pebble mill 

§ 1.50 mg. of Mcrck*s crystalline biotin dissolved in water, sprayed on starch, 
dried, made up to 100 gm w ith starch, and mived by grinding in a mill 

II 30.0 mg. of thiamine hydrochloride, 60 mg. of nbofiavin, 40 mg. of pyrido\ine 
h^'drochloride, 300 mg. of df-calcium pantothenate, 1.00 gm. of nicotinic acid, 50 
mg. of 2-methyl-l, 4-naphthoquinone, 15 gm of chohne chloride, and 10 gm, of 
idnositol, made up to 100 gm wnth gelatinircd starch and mi\ed by grinding in a 
mortar. 

When supplements of unidentified factors or crystalline compounds 
other than those listed above were added to the diet, they were mixed with 
starch and the completed supplement was added at the expense of the 
gelatinized starch. 

Both yeast extract- and liver fraction U have been used as our control 

» Standard Brands, Inc., Type 3 yeast extract, 

5 The Wilson Laboratories liver fraction L. 
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preparations. These, Mhen added to the basal diet at 1 per cent level, 
gave maxiraal g^o^^’th, hemoglobin formation, and feathering, as can be 
seen from the data given in Table IL Several of our concentrates pre- 
pared from yeast extract, labeled Concentrates 27-203-A, 27-225-A-II, 
and 27-247-D, Mhich are equivalent preparations, constantly" gave maximal 
effects Mhen fed at levels of 14 to 10 mg. per 100 gm. of diet. These prepa- 


T\bll II 


Response of ChteXs to Control Preparations * 
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10 

98 

84 4 
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131-272 

7 46 
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45 

26 
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1 0% 

12 

16 

160 
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248-333 
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4 
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Sing % yeast Con- 

4 

7 

70 

93 


165-235 

7 12 

5 7-7.6 

49 

22 

19 

centrate 27-247- 
D or equi\TiIent 
preparation 
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16 mg % y east Con - 

3 

3 

m 

93 3 

266 7 

236-298 

S 53 

8 0 

mi 

44 

38 

centratc 27-247- 
D or equivalent 
preparation 



* 










* Microbiological data obtained by the Vitamin Laboratory*, E R Squibb and 
Sons, through the courtesy of Dr A Black. 

t Lactobacillus caset e activity, Streptococcus laclis R activity. 
t One 'value only 

rations were therefore frequently used as supplements for the control groups, 
since they had the advantage of being free of many materials contaminat- 
ing the original yeast extract. Because of the vride variations vrhich have 
been reported in responses to purified basal diets used in this type of ex- 
periment, it seems that a presentation of our experience with the basal 
diet and Mith control preparations fed in adequate amounts such as are 
given in Table II is important, since it will help the reader to evaluate our 
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tion with 100 y per cent of 4-pvTidoxic acid. In this experiment wc also 
included the 4- and 5-pyridoxic acids alone and in combination with a 
half optimal level of yeast concentrate, No. 27-247-D. Our results are 
given in Tables IV and Y. Table IV shows the data on growth, sundvai, 
and hemoglobin. Table V is concerned w*ith details of hematological 
studies of the same birds, and similar data taken from the literature are in- 
cluded for comparison. 


Table III 

Results Obtained tnth S-Pt/ridoxte Acid and y^cast Concentrate 27-S47*D* 


1 

Expcniscat 

No. 

SopplanenlperlOOga d.el 

Averse imght j 

Heaogtobm, 

4 wks 


i’wk.s ! 



rn 

r" 

rw. fer JtO 
e<,lUoi 

19-18 

None 

77 {7)t 

74 (4) ; 

4.1 (4) 


Yeast extract, 0 5 gm. 

140 (10) 

193 (9) i 

8.2 (9) 


« “ 1.0 

182 ( 10 ) 

248 (10) 

9.0 (10) 


5-Pyridoxic acid, 2 0 mg. 

71 (S) 

71 (2) 

5.9 (1) 

19-20 

None i 

f SO (5) 


4.3 (5)t 


Yeast extract, 0.5 gm 

1 12 s (9) 

176 (9) 

7.7 (9) 


« « J Q « 

5-Pyridoxic acid, 25 7 

1 185 (10) 

1 77 (4) 

1 260 ( 10 ) 

8.7 (10) 
5.0 (4)t 


Yeast Concentrate 27-247-D, 4 mg 

105 (9) 

no (7) 

4.8 (7) 


“ ** 27 -247 -D, 8 ** 

127 (10) 

165 (9) 

5.7 (9) 


“ “ 27-247-0, 16 mg 

154 (9) 

230 (9) 

8.5 (9) 


** “ 27-247-D, 4 mg 4* 

5-pyndoxic acid, 25 7 

109 (9) 

103 (5) 

3.8 (5) 


Yeast Concentrate 27-247-D, 8 mg 
5-pyridoxic acid, 25 7 

1 144 (9) 

188 ( 8 ) 

6.2 ( 8 ) 


* Ten birds started in each group 

t The numbers in parentheses indicate surviving birds on which the average is 
based. 

1 3 Becks data. 

On the basis of these findings, it seems clear that neither of the pyridoxic 
acids has any supplementary value when added to the basal diet alone. 
Neither did they supplement the yeast concentrate when the latter was 
fed at 8 mg. per cent, an amount which gives half optimal responses in 
growth and hemoglobin formation. Also, it can be seen that LCF alone, 
at the level fed, had a small but distinct effect on growth and survival "was 
very good, but its effect at this level on hemoglobin formation seems to be 
negligible. It would have been desirable to have fed larger amounts of 
LCF, but we w'ere unable to do this because of our limited supply. If 
one assumes that LCF is the onl}" deficiency of our basal diet, it would 
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appear that it is needed in amounts greater than 200 y per 100 gm. of diet, 
since 50 y gave not more than one-quarter of the response which can be 
expected from other supplements sucli as yeast concentrates and liver 
fraction L. 

On the other hand, it is quite evident that the combination of LCF and 
4-pyridoxic acid has a significant supplemental effect in so far as g^o^vth and 
hemoglobin formation are concerned, although the response obtained with 
the combination is still very much below the optimum. In general this 


Table IV 

Effect of Laciohacillus casci « Factor (JjCF)^ Pyridoxic Acids^ and Veast 
Concentrate on Growth and Hemoglobin Formation 


Supplement per 100 gm. diet 

No. of 
birds 
started 

Average weight 

Hemoglobin, per 100 
cc. blood 

3 wks. 

4 wks. 

5 wks. 

A wks. 

5 wks. 



gm. 

! 

gm. 

gm. 

gm. 

None 

IB 

97 (7)* 

88 (3) 


6.5 (3) 


4-Pyridoxic acid, 100 y 

IB 

94 (7) 

104 (4) 


5.1 (4) 


‘‘ ** 500 

IB 

92 (5) 1 

88 (2) 


2.9 (2) 


5-Pyridoxic “ 100 " 

IB 

92 (6) 

134 (1) 


6.1 (1) 


“ “ 500 “ 

IB 

no (4) , 

102 (2) 

1 

5.8 (2) 


LCF, 50 7 

mm 

111 (6) 

130 (5) 


3.5 (6) 


50 ** + 4-pyridoxic i 


160 (6) i 

220 (6) 

265 (6) 

7.7 (6) 

7.7 (5) 

acid, 100 7 



1 




Yeast Concentrate 

10 

171 (10) 

230 (10) 1 

312 (8) 

7.3 (10) 

8.5 (7) 

27-247-D, 8 mg. 







Yeast Concentrate 

10 

152 (10) 

201 (10) 

277 (8) 

6.7 (10) 

6.8 (8) 

27 -247 -D, 8 mg. + 







4-pyridoxic acid, 100 7 







Yeast Concentrate 

10 

170 (10) 1 

235 (10) 

306 (9) 

7.2 (10) 

8.2 (9) 

27-247 -D, 8 mg. + 







5-pyridoxic acid, 100 7 








* The numbers in parentheses indicate surviving birds upon which the averages 
are based. 


confirms the report of the Cornell workers (14) regarding the value of 
pyridoxic acid as a supplement along with LCF, but there still remain im- 
portant differences between their data and ours which will be seen from a 
study of Table V. 

In analyzing the data from the different laboratories given in Table V it 
is well to recognize the following facts. Under our experimental conditions 
and on our basal diet a more severe anemia and poorer survival are ex- 
perienced than are indicated by the data of the Cornell workers (14) or the 
Parke, Davis investigators (10, 11). The data of Scott ci al. (14) are for 
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Tarle V 

Effect of LactohacilUis casci c Factor (LCF), Pyridoxic Acids ^ } east Concentrate, and 
Vi/amtn Bt on Red Blood Cell Characteristics, including Data from Literature 



Values al 4 wks. 

Calculated constants 

Supplement per ICX) pn diet 

Hemoslobin 

HematO’ 

CTlt 

Red cells 

Averace 

cell 

solume 

A%crage 
hemo- 
globin 
per cell 

Average 
hemo-^ 
globin per 
100 cc. 
packed 
cells 


Authors' data; cf. Table 111 



XT* fer ICO 
cc. blood 


;o« ptr 
c trn. 

CII. «»- 

crons 

micreni- 

crograns 

rw. 

None 

6.5 (3)* 


1.48 

99 

44 

44 

100 7 4-pyridoxic acid 

5.1 (4) 


0.77 

183 

68 

36 

500 ** 

2.9 (2) 


0 GS 

107 

43 

40 

100 ** 5-pyridoxic “ 

5.1 (1) 

14 5 

0.82 

177 

62 

35 

500 “ 

5.8 (2) 

17 5 

1.24 

141 

47 

47 

Average 

5.2 

13.7 

1.02 

134 

51 

38 

50 7 LCF 

3.5 (5) 

11.0 

0.61 

180 

5S 

32 

50 ” “ + 100 7 

7.7 (6) 

25.3 

2.04 

124 , 

38 

31 

4-pyridoxic acid 

8 mg. yeast Concentrate 

7.3 (10) 

28.5 

1.97 

145 

37 

26 

27-247-D 

8 mg. yeast concentrate + 

6.7 (10) 

22.9 

1.59 

144 

42 

29 

100 7 4-pyridoxic acid 

8 mg. yeast concentrate + 

7.2 (10) 

25.1 

1.&3 

154 

44 

29 

100 7 5-pj^ridoxic acid 








Taken from data of Scott et al. (14) fj 


None 

2.8 

11.2 

0.858 

■■ 

33 

25 

4-Pyridoxic acid 

7.4 

20.1 

1.520 

HB 

49 

37 

LCF 

6.5 

23.6 

1.912 

123 

34 

28 

4-p3rrido\ic acid + LCF 

9.8 

26.0 

2.192 

119 

45 

38 

Commercial chick diet 

10.0 

26.7 

2.214 

121 

45 

38 


Calculations from data of Campbell el al. (10) ^ 


None 

3:4 

17.2 

0.89 

Bl 

38 

20 

Broiler ration 

8.7 

32.5 

2.35 


37 

27 

5 7 Be 

5.6 

21.0 

1.35 

155 

42 

27 

20 “ ** 

5.9 

31.5 

1.92 

164 

31 

19 

40 " “ 

7.0 

30.3 

1.95 

155 

36 

23 

100 “ “ 

7.6 

30.1 

2.01 

150 

38 

25 

400 ** 


29.7 

1.95 

152 

40 

26 













































484 


VITAMIN B COMPLEX 


Taijm: y--Concludcd 


r 

Vftlucs »t 4 wks. 

Calculated constants 

Supplement per 100 pn. diet 

Hemoglobin 

Hemato* 

crit 

Red cells 

Average 

cell 

volume 

■■ 

Average 
hemo* 
globln per 
100 cc. 
packed 
cells 

Campbell ct ah (11) t 


gw. per JOO 
ec, blood 

per cent 

10^ per 
c,mm. 


mteromi* 

crograms 

gm. 

None 

3.4 

11.3 

0.70 


48 


Broiler ration 

7.7 

31,2 

2.27 

EB 

34 

25 

1 7 Be per day, by pipette 

5.3 

22.1 

1.46 

Be« 

39 

27 

^ tt ft ff ft ft if 

6.3 

24.4 

1.63 

150 

39 

26 

2q (t tt ft tt ft ft 

8.8 

33.0 

2.25 

147 

39 

27 


* The numbers in parentheses indicate surviving birds upon which data are based. 
Cf. Table IV. 
f 3 weeks data, 

X Red cell characteristics calculated by us from hematological data, 

3 week-old birds and are representative, not average data, as is the case for 
all other values given in Table V. In addition, Scott et ah do not make 
clear whether their hematological study was carried out on birds getting 25 
or 50 7 per cent, although it seems that the latter level is the one involved. 
Scott cl ah used 1 per cent sulfasuxidine in their basal diet, which was not 
used by the Parke, Davis workers nor by us. 

In our experience a good chick diet will allow white Leghorn cockerels 
at 4 weeks to have a hemoglobin value of 9.0, and a red cell count of 2.5 
X 10^ cells per c.mm., which is what we have found to be the case with 
birds receiving adequate amounts of yeast extract or yeast concentrates as 
supplements for the basal diet. If we assume that the hematocrit will on 
the average be 32 per cent for normal birds, which is approximately correct 
and similar to that found by the Parke, Davis group (10, 11) and by Hogan 
and his students (9), the “normaP' red cell characteristics which can be used 
for comparison are a volume per average cell of 128 cu. microns, an average 
of 36.0 micromicrograms of hemoglobin per cell, and 28.1 gm. of hemo- 
globin per 100 cc. of packed cells. 

On this basis our data indicate that in the feeding of 50 y per cent of LCF 
alone a macrocytic and hyperchromia anemia develops. The addition of 
100 7 of 4-pyridoxic acid to the diet containing 50 y of LCF brings the cell 
size and average hemoglobin per cell or unit of cells down into the ‘'normal^' 
range, even though an anemia exists as judged by hemoglobin and red cell 
count. On the other hand, S mg. of yeast concentrate per 100 gm. of diet, 
which is the half optimal level, allows a macroc 3 rtic condition to develop, 
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regardless of whether p 3 *ridoxic acids are present. In these groups re- 
ceiving the 3 *cast concentrate the hemoglobin per cell or unit of cells is 
vrithin the ‘'normal^* range, but the anemia which exists is further charac- 
terized by a low cell count. The addition of pyridoxic acids to the yeast 
concentrate does not have a beneficial effect, but may actually depress the 
red cell count slightl}*. 

Since pjTidoxic acids showed no supplementary value for the birds 
recehdng 8 mg. per cent of j^east concentrate, it seems that their effect on 
the basal diet alone would be negligible, and thus we mfxy be permitted to 
discuss the data from the groups recw\'ing pyridoxic acids alone along with 
those from the basal group; r.c., the first five groups recorded in Table Y. 
These data indicate that on the average a somewhat macrocytic, hj-per- 
chromic condition is shown b}" sur\i\Tng birds on the basal diet. The data 
are variable and not nearly as consistent as for the groups receiving even 
suboptimal levels of efifective supplements. This is probabl}" due to the 
severity of the deficiency as seen at 4 weeks under our experimental con- 
ditions. The apparent microcj’tic condition shown by the first group 
(basal group) is undoubtedly due to the fact that two of the surviving birds 
were sick, and showed some hemoconcentration. 

The calculations made from the data of Campbell ei aL (10, 11) indicate 
that the macrocj'tic anemia shown by their basal group was not entirely 
corrected even the highest levels of vitamin which were fed, namely 
100 to 400 y per 100 gm. of diet. This is interesting in view of the striking 
effect of the combination of LCF and 4-p3Tidoxic acid in allowing the for- 
mation of nonnocytic cells, as shown by our data. 

In view of the data presented here on the chick activity of certain pure 
microbiologically active compounds, it might be of interest briefl 3 ' to note 
from Table II that we have al\Ca 3 rs been able to obtain optimal chick re- 
sponses v-dth crude or purified preparations when fed at levels which supplied 
50 y or less of \dtamin Be actmt 3 % as measured by the total microbiologi- 
cal activit 3 ’' after release of all ‘T)Ound'’ materials b 3 ^ means of enz 3 Tne 
treatment. It is also true that the niicrobiologicall 3 ' active substances in 
our preparations after enz 3 Tne treatment were equall 3 '' active for both 
Lactohadllus ca^ei e and for £ifrep(ococcus ladis R (S. faecalis R), which 
would point to the fact that we were probabl 3 ' dealing with true vitamin 
Be activit>" and not with an 3 ' appreciable amount of LCF activit 3 ". If 
this were true, it might explain wh 3 ’' we were not able to find a supplemen- 
tary effect of p3Tidoxic acid with our y-east preparations. 

In one experiment not included in the tables we were able to obtain 
maximal growth, nearh’' maximal hemoglobin formation, and complete 
survival by feeding two highi 3 " purified preparations, one of which fur- 
nished a total of 22 -y of vitamin Be activit 3 ’' per 100 gm. of diet, while the 
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other furnished a total of 37 7 per 100 gm, of diet. These data would in- 
dicate that the required level of vitamin Be activity for chicks is probably 
less than 50 7 per cent. Since most other investigators using pure materials 
have found the required level to be higher, and even with amounts as high 
as 100 to 400 7 per cent have not succeeded in duplicating normal responses, 
our data might be taken to indicate that factors other than vitamin Be, 
LCF, and pyridoxic acid are required by chicks, or at least can substitute 
for these compounds. 


DISCUSSION 

The status of the role of new and unidentified B complex vitamins of the 
group loosely called ‘*folic acids” in the nutrition of the chick is still con- 
fused. Although the isolation of crystalline vitamin Be, Be conjugate, and 
LCF, and s3’’nthesis of vitamin Be have made these pure materials avail- 
able to some workers for thorough investigation, reports on the use of these 
compounds in chick nutrition have been few* and leave a number of ques- 
tions unanswered. The Parke, Davis workers (2, 10, 11) have never 
obtained as good growth as might be expected from 4 Aveek-old white Leg- 
horn chicks, and in most instances they have not been able to obtain as 
good hemoglobin values when feeding vitamin Be as they obtained with 
their positive control groups. The statement by Hutchings ct aL (12) 
that LCF is chick-active is only partially true, since apparently adequate 
levels gave us and the Cornell w’orkers (14) only small responses. In 
addition the Wisconsin and Cornell investigators (7, 13-16) still maintain 
that factors other than vitamin Be or LCF are required by chicks, these 
factors being factor R, vitamins Bio and Bn, and pyridoxic acids. 

Some of these discrepancies may be due to differences in basal diets used 
by different workers, and by the improper use of microbiological data 
obtained on crude preparations. 

This is emphasized by the recent report by Boutw*ell, Geyer, Elvehjem, 
and Hart (17), in w’hich it is shown that rat requirements for B vitamins 
are markedl}’' altered by the changes in the t3q)e of fat or carbohydrate 
offered the animals. The fact that vitamin Be and Be conjugate exist 
together and may be contaminated with LCF or SLR makes interpretation 
of early microbiological data, as used in conjunction wdth chick experiments, 
somew'hat questionable. How*ever, it may also prove to be true that a 
number of compounds of different chemical structure or certain combination 
of compounds may be mutually equivalent or interchangeable. Such seems 
to be the case w*ith vitamin Be and Be conjugate, and with the combination 
of LCF and pj^^ridoxic acid as substitutes for vitamin Be activity. 

Our data indicate that a severe deficiency can be produced in chickens 
on a basal diet devoid of sulfonamides and low^er in protein than that used 
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by the Parke, Da\"is or Cornell workers (2, 3, 10-13). Our basal diet is 
also devoid of p-aminobenzoic acid, which is unnecessary for adequate nu- 
trition of chicle, as our data and those of the Wisconsin workers indicate. 
Severe anemia, lack of growth, and poorsundval result from the deficiency, 
which can be completelj'^ alle\dated bj" the addition of 1 per cent of 3'east 
e.vtract or 1 per cent liver fraction L, or b}*' concentrates prepared from 
these raw materials. Under our conditions an amount of \dtamin Be 
actmty equal to 50 7 or less of \itaniin Be per 100 gm. of diet seems ade- 
quate. In some cases as little as 22 to 37 7 of potential Be actmty’ have 
given us excellent growth and good hemoglobin formation. 

The data of Briggs, Luckey, Mills, Elvehjem, and Hart (18) and those 
of Scott et ah (13, 14) indicate, as do our data, that optimal growth caimot 
be obtained by feeding supposedly adequate levels of either folic acid of 
TMlliams, or LCF of Hutchings el al. Furthermore, the data of Briggs 
el ah (18) indicate that 0.5 per cent sulfasuxidine in the basal diet almost 
completely voids the response in growth due to folic acid, but that sul- 
fasuxidine does not inhibit a response to their liver concentrates which are 
said to be active in vitamins Bio and Ba- We also have found (unpublished 
data) that 0.5 per cent sulfasuxidine does not affect response to yeast 
extract or concentrates prepared from it. Thus our work would seem to 
indicate, as do the reports of the Wisconsin group, that there ma^^ be other 
compounds, low in potential vitamin Be activity for microorganisms, which 
are highly active for chicks and which are not affected by the presence of 
sulfasuxidine in the diet. However, contrary to the experience of the 
IMsconsin group, we have been unable to identify clearly separate factors 
for groui;h, for hemoglobin formation, and for feathering, although in 
several experiments we have obtained results which indicate that there 
may be such separate factors. 

In our experience with LCF and pyridoxic acid, we find, as did Scott el al, 
(14), that LCF alone does not give a good response in chicks, and that the 
addition of pyridoxic acid definitely complements the action of LCF, even 
though LCF is more active for chicks alone than is pjTidoxic acid, as 
measured by survival and growi;h. We have found that 50 7 of LCF per 
100 gm. of diet give at best only about one-fourth the maximal response 
which can be obtained. The response in growth and hemoglobin for- 
mation of the group recehnng 50 7 of LCF and 100 7 of 4-p3Tidoxic acid 
was equal to that obtained from 8 mg. of our preparation, Concentrate 
27-247-D (yeast concentrate), which indicates that the combination of these 
materials gives only about one-half the maximal response which can be ob- 
tained consistently under our experimental conditions. Thus we fail to 
find that this combination of LCF and pjTidoxic acid gives a normal hemo- 
globin value. 
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Neither 4- nor 5-pyridoxic acid complemented the response obtained 
from 8 mg. per cent of yeast concentrate, which indicates to us that their 
action is entirely bound up with LCF. In this connection it should be 
remembered that the microbiological tests on Concentrate 27-247-D ( 3 >'east 
concentrate) indicated that whatever so called folic acid activity was 
present was probabty that of vitamin Be activity and not LCF activity, 
since equal response was obtained by both test organisms, Lactohacilli(s 
casei e and Streptococcus laciis R. This obsen^ation thus confiims that of 
Luckey et al. (19), in that pyridoxic acid did not give any response when 
added to their liver preparations, and probably explains the results of both 
of us in that in both cases factors other than LCF were used as supple- 
ments and that for these factors pyridoxic acid is not complementary. 
These results likewise suggest a fundamental difference in the chemical 
nature of LCF and vitamin Be. 

In general our data show^ much greater variation in the groups for the 
calculated constants such as average cell volume, average hemoglobin 
per cell, and hemoglobin per 100 cc. of packed cells, than did those 
reported by Scott et ah (14), and are more in conformity with those re- 
ported by Campbell ct ah (10, 11). Thus in order to interpret the effects 
of various materials on the blood picture, it is evident that more data than 
just hemoglobin values are necessar}^ and further detailed studies of the 
morphology and hemoglobin content of red blood cells seem likely to define 
some specific pathology involved in the deficiencj^ described in this report. 

SUMiVURY 

1. In agreement with the results of others, ^ve have found that a purified 
diet containing all the known nutritive factors, other than 'ffolic acid,^' 
regularly produces a severe deficiency in growing chicks. This deficiency is 
characterized by very poor grow^th, poor feathering, a distinct anemia, and 
high mortality at 4 wrecks. We have not found it necessary to include 
sulfonamides in the basal diet to induce these deficiency symptoms. 

2. Yeast extract or liver fraction L, at levels of 1 per cent, or concentrates 
prepared from the 3 "east extract, in amounts furnishing 22 to 44 y of vitamin 
Be activity as determined by microbiological assay, completely prevent 
the deficiency S 3 mptoms and render the basal diet complete for growing 
chicks. 

3. Neither 4- nor 5-pyridoxic acid alone improves the performance of the 
chicks on tlic basal ration; Lactobacillus casci e factor (LCF) from fermenta- 
tion products at a level of 50 y per cent has onty a slight supplementary 
effect; but the combination of LCF and 4-pyridoxic acid induces a 
distinct response in grow’th and hemoglobin fommtion. This response is 
much less than that obtained from an equal or lesser amount of vitamin 
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Bf activity in the natural products. This suggests that other compounds 
of different microbiological activity ma}" have biological actint}' for chicks 
on this basal diet. 

4. A study of the anemia produced by the basal diet indicates that the 
red blood cells are macroc^dic and h>"perchroraic, a condition u’hich is 
corrected by the combination of LCF and 4-pyridoxic acid or b}-' the yeast 
concentrates. 

We UTsh to thank G. H. Kennedy and A. R. Patton of the Biological 
Labors toiy for their aid and ad\’ice in carrying out the experiments re- 
ported here. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 

I. THE STRUCTURE OF A»LITHOCHOLEXIC ACID* 

Br T. F. GALLAGHER 

{from the Dej)aTimenl of Biochemistnj of the University of Chicago^ Chicago) 
(Received for publication, September 8, 1945) 

In studying methods for the synthesis of steroids with an oxygen func- 
tion at carbon atom 11, Press and Reichstein (1) and AIcKenzie, INIcGucldn, 
and Kendall (2) prepared lithocholenic acid by pyrolysis of derivatives of 
desoxycholic acid. At the time this present investigation was imdertaken, 
the publications of the Swiss investigators were unavailable to us and the 
work reported was imdertaken to pro\dde evidence for the position of the 
double bond in this substance. It was known from the investigations of 
Kendall and coworkers (2) that catalytic reduction of the unsaturated acid 
yielded lithocholic acid, which proved that the carbon skeleton was unal- 
tered, that the double bond was not in a hindered position, and that the 
hydroxyl group at C-3 was not changed. 

By ozonolj^sis and subsequent oxidation with hydrogen peroxide it was 
possible to convert the methyl ester acetate of lithocholenic acid (I) to the 
hitherto undescribed 24-methyl-3(a)-acetoxydesoxybilianic-ll,12,24: acid 
(n). The identity of this compound was further established by oxidation 
with nitric acid to the known (3) choloidanic acid (HI) (3il4, 111112- 
cholane-penta acid-3,4,11,12,24). These reactions are summarized in 
the accompanying formulas. These results prove that the position of the 
double bond is between Oil and 012 of the steroid nucleus. 

This conclusion has been amply substantiated by the results of Burck- 
hardt and Reichstein (4) and of Press and Reichsteio (1) and by the work 
of Kendall and his associates (2, 5). Since the 11 , 12,24-tricarboxylic acid 
may be of interest in other investigations, a report of the results is made 
at this time. 


EXPERIMEXTAL^ 

2i-Meihyl-3{a)-acetoxydesoxyh{lian{c~ll ,12,34- Acid (JI ) — 461 mg. of 
methyl 3(cc)-acetoxy-A^-lithocholenate (m.p. 118°) were dissolved in 175 

• The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

^ All melting points are corrected. The microanalyses were performed by Mr. 
John De Lucia, New York. I wish to express my appreciation for this service. 
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ml. of dry chloroform and a 6 per cent ozone stream bubbled through the 
solution for 1 hour at room temperature. An aqueous solution of 5 per 
cent H2O2 was added, and the mixture shaken intermittent!}'' for 5 11001*8 
and alloM^d to stand at room temperature overnight. The chloroform 
iras washed four times ivith water and then extracted five times vith 5 per 
cent Na^COa solution. The NaoCOa extracts were acidified immediately 
with chilled HCl and the acids extracted Avith chloroform. After drying 
over Na2S04, the chloroform was evaporated to dryness. The product 
crystallized from ethyl acetate-petroleum ether as clusters of fine needles, 
m.p. 204-206°. The first crop weighed 140 mg. and no attempt was made 





to recover further material. After two recrystallizations from dilute 
acetone the compound melted at 212-213°; == +51.5° (CHCI3). 

CsjIbsOs 

Calculated. C G5.5G, II S.56, neutral equivalent 247, saponification equivalent 123 
Found. ** G5.68, “ 8.60, “ 219, “ “ 127 

S{ayHydroxydcsoxyhilianic-ll ,12 ,24 Acid — 218 mg. of the ester (II) 
were saponified with 2 n NaOH at room temperature for 30 minutes. The 
solution was acidified under ether and extracted thoroughly with ether, and 
the ether was washed with water. Evaporation of the solvent yielded an 
oil which cr\''stallized upon addition of ethyl acetate. The product was 
recrystallizcd from ether-ethyl acetate as clusters of small needles, m.p. 
259-262°; = +53,5° (absolute ethanol). 

CzdUiOj, Calculated, C 05.73, II 8.73; found, C G5.52, H 8.C5 

Choloidanic Acid {III) from 24-MeihyhS{a)-acetoxydesoxyhiHanic-ll ,12 
24 Acid (//) — 110 mg. of II were mixed with 2.0 ml. of HNO3 (sp. gr. 1.40) 
and warmed gently on the hot-platc. Within a few minutes a relativel}' 
vigorous reaction occurred and a mass of fine crystals formed. The reac- 
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tion v\as completed by gentle warming on the steam bath for I 5 hours and 
the crj'stals filtered ofT and n ashed. After- one recrj'stallization from 
dilute acetic acid the compound melted at 314® and gave no depression 
'uhen mixed ^nth an authentic specimen of choloidanic acid (ra.p. 311°) 
prepared from dehydrodesoxy cholic acid. The higher melting point of 
the choloidanic acid from II is a more correct v,alue, since a prolonged 
HXO3 oxddation is necessaiy’ in the case of the preparation of the product 
from dehydrodesoxy cholic acid. 


SUMMARX 

The position of the double bond in A^Mithocholenic acid was demon- 
strated by oxidation to the new compound 3(Q:)-hydroxydesoxybLlianic-ll 
12,24 acid and the oxidation by nitric acid of this substance to the known 
choloidanic acid. 
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PARTIAL SYNTHESIS OF COIMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 

ir. SOME REACTIOXS OF AX EPOXIDE OF A"-LITHOCHOLENIC ACID* 
By T. F. GALI^VGHER and WILLLAM P. LOXGf 

{From the Deportment of Biochemistry of the University of Chicago, Chicago) 
(Received for publication, September 8, 1945) 

The preparation of A^'-lithocholenic acid by Kendall and coworkers (1) 
and by Press and Reichstein (2) yields an important substance for the 
partial synthesis of steroid compounds related to adrenal cortical hormones. 
We have investigated certain reactions of the epoxide of this compound, 
since it seemed desirable to axplore the possibility of introducing an oxygen 
function at C-11 of the steroid nucleus by way of this derivative. 

Both Kendall (1) and Press and Reichstein (2) have described an 11,12 
epoxide prepared bj^ the action of perbenzoic acid on A^^-lithocholenic acid 
or its derivatives. Kendall did not assign configuration to the epoxide. 
Press and Reichstein (2) designated the product ll(^),12(p)-epoxj’’ be- 
cause of the fact that desoxycholic acid (in which the hydroxyl group 
at C-12 has configuration according to Reichstein and Sorkin (3)) can 
be isolated when the epoxide is reduced by hydrogen in the presence 
of Rane}’' nickel under 150 atmospheres at 100°. Since the configuration 
of the hydroxjd group at C-12 in desoxycholic acid is imsettled (4), it seemed 
imdesirable to assign a definite configuration to the epoxide on the basis 
of these results. 

KendalP in earlier work had noted that when 3 (ct) -hydroxy-11 , 12-epoxy- 
cholanic acid (1) was dissolved in acetic acid there was an immediate 
positive shift in rotation upon the addition of hydrobromic acid. Since the 
action of mineral acid on epoxides can lead to many compounds, depending 
upon the nature of the acid, the solvent, temperature, and other variables, it 
seemed desirable to investigate the reaction under precisely defined condi- 
tions. For the purpose of following qualitatively the course of reaction we 
have made use of the considerable changes in optical rotation which accom- 
pany the transformations of the epoxide. Although not all of the possible 
products have been identified, our experiments indicate that the principal 
chemical changes involved when an acetone or acetic acid solution of the 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Devel- 
opment and the University of Chicago. 

t This paper represents a portion of a thesis submitted by William P. Long to the 
Division of Biological Sciences of the University of Chicago, in partial fulfilment 
of the requirements for the degree of Doctor of Philosoph}’. 

* Kendall, E. C., personal communication. 
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11,12 epoxide is treated mth hydrobromic or sulfuric acid are the intro- 
duction of the anionic constituent at C-11 and the formation of a hydroxyl 
group at C-12. The stability of the^ substituent at C-11 is, however, 
markedly influenced by the experimental conditions. 

EXPERIMENTAL^ 

0 

/ 

Methyl 3{a)‘Ac€ioxy-ll ,12-epox7jcliolanate (/, Ri = CHz — C — ; Rz = 
CHz ) — ^This was prepared by treating a chloroform solution of methyl 3(ar)- 
acetoxy-A^^-cholenate (m.p. 118-120°) with excess perbenzoic acid in 



chloroform at room temperature. The reaction was rapid and quantita- 
tive. The cliloroform was washed ^v^th sodium carbonate solution and 
with water, and, after drying with Na 2 S 04 , the solvent was removed in a 
partial vacuum. Crystallized from acetone the epoxide formed prisms 
melting at 145°; [a]^ — +57° (acetone or acetic acid); [a]^ = +26° 
(toluene). 

CsrlloOi. Calculated, C 72.G1, H 9.4S; found (T. S. M.), C 72.49, H 9.17 


2 The micron nalyses were performed by Dr. T. S. Ma (T. S. M.), Department 
of Chemistry of the University of Chicago, and by Dr. Amel Menotti (A. M.), 
American Medical Association, Chicago, Illinois. We wish to express our apprecia- 
tion for this service. All melting points are corrected. 
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Methyl 8{<xyHydroxy^ll ,12-epoxycliolanQlc (I^Ri = E;Rz = CH ^ — ^Tliis 
'rt-as prepared in a similar fashion to that of the pre\dous compound from 
method 3(a)-hydrox3"-A''-cholenate (m.p. lOl-^lOS®). Upon recrj’staliiza- 
tion from petroleum ether and from dilute methanol it formed clusters of 
small plates which melted at 101-103®; [a]^ = +44® (acetone or acetic 
acid); +12® (toluene). 

S(ayHydroxy‘ll ,lS-€poxychoIanic Add (7, 7?i and Rz = H) — This was 
prepared by saponification at room temperature with aqueous alcoholic 
KOH of either of the two preceding products. After recrystallization from 
ethyl acetate-petroleum ether, the compound formed needles, m.p. 164- 
165®; Ia]“ = +44® (acetic acid); +40.2® (acetone or ethanol); +20.5® 
(toluene). 

Methyl 8(ayAcctoxy-ll(fiybromo-12(ct)-hydroxychoIanate (77, Ri = 
0 

CHs—C — ;Ri = CHi) — 1.109 gm. of methyl 3(a)-aceto^-ll,12-epoxy- 
cholanate were dissolved in 20 ml. of redistilled acetone. 5.0 ml. of 0.72 x 
hydrobromic acid In acetone were added and the nxbdnre allowed to stand 
at room temperature for 15 minutes. In this experiment the rotation was 
not measured but in a number of other instances the specific rotation 
(calculated from the weight of oxide taken for the determination^) im- 
mediately rose to +80°. The acetone solution was diluted with a rela- 
tively large amount of ether and washed six times with water. The 
combined water washings were titrated with 0.1 x alkali to the phenol- 
phthalein end-point and 13.0 ml. were consumed. The reaction of the 
oxide with HBr used, therefore, 2.3 ml. of x HBr or 92 per cent of the 
theoretical amount. This is in agreement with other axperiments in which 
the acetone solution was directly titrated with standard base. The ether 
was removed at room temperature, and the residue dried in an evacuated 
desiccator over P2O3. Upon crystallization from a mixture of ether and 

*The marked dextrorotatory shift when the epoxide reacts ^ith HBr in either 
acetone or acetic arid sohilion is probably due to the simultaneous formation of 
small amounts of 3 (a ),12-dihydrox5’ -A* •^^-cholenic acid or its derivatives, includ- 
ing the 12-acetox>' derivative, since the observed rotation of the bromohydrin 
is too small to account for the increase. This explanation is consistent both 
with the isolation of this compound from the reaction in acetic acid in the presence 
of HtSOi and with the fact that the amount of HBr which reacts with the epoxide in 
either acetone or acetic acid is slightly less than 95 per cent of the theoretical amount. 
The fact that this side reaction takes place to a lesser c.xtent in acetone than in acetic 
acid, measured by change in rotation, is to be ascribed to the greater acid strength 
of HBr in acetic acid. In agreement with this e.xplanation, increasing the concen- 
tration of HjSOi in acetic acid should markedly accelerate this reaction, a fact which 
is in accord with the observed changes in rotation. 
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60-70° petroleum ether the compound formed clusters of prisms, m.p. 
137.5-139°; [a]^^ = +54.2° (absolute ethanol). 

C-zHoOfiBr. Culcu)ate(l, C 61.47, II 8.26; fouml (A. M.), C 61.60, II 8.36 

When the bromohydrin, dissolved in acetone, ivas titrated with aqueous 
alkali, the theoretical amount of base was consumed and the epoxide re- 
formed. The product was identical with the starting material and gave 
no depression of melting point on admixture. 

S{a) jl2{ayDilnjdroxy-ll{pyhromochola7iic Acid (77, Ri and Rz = H ) — 
516.6 mg. of 3(a)-hydroxy-ll,12-epoxycholanic acid were dissolved in 49 
ml. of acetone, 1.0 ml. of 48 per cent HBr added, and the mixture allowed 
to stand 20 minutes at room temperature. The solution was poured into 
ether and extracted thoroughly with water. After drying over Na 2 SOi 
the ether was removed at room temperature under diminished pressure. 
The product crystallized from a mixture of ether and 90-100° petroleum 
ether. After four recrystallizations from ethyl acetate-petroleum ether, 
the bromohydrin formed clusters of prisms which melted sharply at 142.5°; 
[a]p ~ +54.2° (absolute ethanol). 

aJhsOaBr. Calculated, C 61.14, H 8.34, Br 16.95; found, ^ C 61.04, 11 8.30, Br 16.74 

0 

Z' 

Methyl 3{ayAceiQxy-ll{0)-brQmo-12dceiocholanaie (Illy Ri = CHz — C — ; 
R 2 = CHti ) — 210 mg. of the bromohydrin (methyl 3(a)-acetoxy-ll(/S)- 
bromo-12(o£)-hydroxycholanate) were dissolved in 10 ml. of stable glacial 
acetic acid and 3.0 ml. of 0.56 n CrOa in acetic acid added. The reaction 
mixture stood at room temperature for 4 hours and the excess CrOa was 
reduced by the addition of methanol. The mixture was poured into ether 
and extracted thoroughly with water, sodium carbonate, dilute hydro- 
chloric acid, and finally with water. Upon evaporation of the ether solu- 
tion under diminished pressure at a temperature not exceeding 35°, the 
product ciystallized. It was recrystallized from an ethyl acetate-petro- 
leum ether mixture as well formed needles, m.p. 162-164°; [a]f = + 41.4° 
(absolute ethanol). 

CsrHuOiBr. Calculated. C 61.71, 11 7.86, Br 15.21 

Found (T.S.iM.). 61.06, 7.82, 14.80 

0 

Methyl S(ocyAc€(oxij-J2-kclocholanate (I]\Ri = Clh—C — ;i ?2 = CHz) 
— ^71 mg. of methyl 3(a)-acctox3'’-ll(/9)-bromo-12-kctochoIanate were dis- 
solved in 2,5 ml. of glacial acetic acid and boiled for 1 hour under a reflux 

< Microanalysis by Dr. Joseph Alicino, The Squibb Institute for Medical Ilesearch. 
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with 50 mg. of zinc dust. After filtration the solution was diluted with 
ether and e.vtracted thoroughl}" with sodium carbonate solution and ^ith 
water. The ether was removed and the product crj^stallized from dilute 
ethanol. After one recrj’staUization it melted at 145-147®. Upon admix- 
ture with an authentic specimen of methyl 3(a)-acetox3'-12-ketocholanate 
(m.p. 150-151®) there was no depression of the melting point. • 

Reaction of 11 j IS Epoxide xciih Concentrated HzSOa in Acetone — ^AYithin a 
short time after the addition of HiSO^ to an acetone solution of the 11,12 
epoxide there is an increase in specific rotation and parallel with this a 
decrease in tit ratable acidity (Fig. 1). The rotation falls progressivelj^ 
with time and concomitanth" the titratable acidity increases. The prod- 



Fig. 1. Mutarotation of 11,12 epoxide in 0.07 x H^SO* in acetone. #, methyl 
3(tt)-aceto\y-ll,12-epoxycholanate; O, methyl 3 (a) -hydroxy-1 1,12-epoxychoIanate; 
9j 3 (ct) -hydroxy- 1 1 , 12-cpoxycdioIainc acid. 

ucts obtained are unsaturated, as shown bj" titration with perbenzoic acid, 
and there was likewise a slight reaction with lead tetraacetate. No 
crystalline products w'ere obtained. 

Reaction of 11,12 Epoxide with Hydrobromic Acid in Acetic Acid — An 
acetic acid solution of hj^drobromic acid was prepared by dissolving a 
carefully weighed amoimt of 48 per cent aqueous hydrobromic acid in 
glacial acetic acid. The stock solution was then diluted with glacial acetic 
acid to the desired molarity of HBr. The epoxide was dissolved in glnrjql 
acetic acid, slightl}" more than the calculated amount of the hj^drobromic 
acid introduced, and the solution made to volume. Polariscope rea^gs 
were then taken at suitable inten^als thereafter until the rotation reached 
a constant value (Fig. 2). 
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Estimations of the amount of hydrobromic acid present after reaction 
vnth the epoxide were made in the following manner, A series of dilutions 
of hydrobromic acid was prepared equivalent to from LO to 14.0 ml. of 
0.01 M HBr in 10 ml. of acetic acid. o-Nitroaniline was used as the indi- 
cator and a standard reference curve of the relation between color and 
hydrogen ion concentration constructed from the galvanometer readings 
of an Evelyn photoelectric colorimeter. It was necessary to have a 
constant concentration of indicator per ml. of solution and, for the most 
accurate results, to use the range between 1.0 and 7.0 ml. of 0.01 m HBr per 
10 ml, of acetic acid. The accuracj'' of the procedure was checked by 
titration of the hydrobromic acid with a standard solution of anhydrous 
sodium acetate in glacial acetic acid; estimations could be made vdth an 
error of approximate!}’’ 3 per cent, which was adequate for the investigation. 

The epoxide reacts with 95 per cent of the theoretical amount of hydro- 



Fig. 2. Mutarotation of methyl 3(a)-acetoxy-II, I2-cpoA-ycholaimte in acetic 
acid in the presence of a cohsiderable molar excess of H2SO< and HBr. •, H2SO4; 
O, HBr. 

bromic acid, the reaction being identical ndth that in acetone. We did not 
attempt the isolation of the bromohydrin from this reaction, but a satis- 
factory proof for the initial formation of this compound was obtained by 
the isolation of methyl 3(a)-acetoxy-ll(i0)-bromo-12-ketocholanate. An 
excess of the hydi*obromic acid was added to an acetic acid solution of 
methyl 3(of)-acetoxy-ll,12-epoxycholanate and after a few minutes an 
excess of CrOs was introduced. The reaction mixture stood at room 
temperature for 4 hours. When the product was isolated as before, it 
proved to be methyl 3(Q:)-acetoxy-ll(i0)-bromo-12-ketocholanate, identical 
in all respects with the compound obtained by oxidation of the bromo- 
hydrin. 

When methyl 3(a)-acetoxy-ll,12-epoxycholanate was allowed to stand 
in acetic hydrobromic acid solution until the rotation liad fallen to +60° 
(30 hours), it proved impossible to isolate a crystalline product. 

Reaction of 11 ^ 13 Epoxide xviih Sxdfxiric Acid m Glacial Acetic Acid — In 
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the presence of excess sulfuric acid, the rotation rises immediately and 
within a short interval begins to fall again. This abnipt change is not 
accompanied hy a change in acidity measured as before. Similar changes 
in rotation are obser\xd with less than equimolar amounts of sulfuric acid. 
With less than equivalent amounts of sulfuric acid the reaction proceeds for 
about 2 hours, after wiiich tlie specific rotation remains constant (Fig. 3). 
The products isolated from this experiment arc nevertheless a mixiure. 
Caution mtist be obsen-ed in w’orking up the products, for, if the material 
is heated upon the steam bath, the oily residue becomes yellow* and the 
specific rotation falls to a much low'er value. This change can be prevented 
by remoring the solvents under diminished pressure at room temperature. 

593.3 mg. of methyl 3(cr)-acetoxy-ll ,12-epoxj'choIanate (1.33 mM) in 
10 ml. of glacial acetic acid with 0.0957 of sulfuric acid stood at room 



Fig. 3. Mutarotation of II . 12 epoxide in O.Ol it IlrSO* in acetic acid. • , methyl 
3(ot)-acetoxy41,12-€poxycholanate with 0.28 mole of H :^04 per mole of epoxide; 
O, methyl 3(a)-hydroxy-ll.l2-epoxx'cholanatc viith 0.29 mole of H^SO^ per mole of 
epoxide; 3, 3(a)-Uydroxy-U .la epoxycUolanic acid vvitU (JJ2.3 mole of per 

mole of epoxide. 


temperatiue for 3| houis. The rotation at this time w'os [aJo == -f 120"^. 
The solution w*as poured into ether and washed tw'enty times with H;0. 
The ether solution w*as dried over Xa 2 S 04 , the ether distilled oft below 
28° (bath temperature), and the oily residue dried in the presence of P;Os at 
room temperature. 605 mg. of colorless oil, [or]j, = 4-119°, w*ere obtained. 
This material had a saponification equiv'alent of 190 after 2 hours boiling 
with base. It reacted with perbenzoic acid at room temperature, 48.4 mg. 
consuming 0.71 mg. of active oxygen in 24 hours. 

These results indicated that the reaction resulted in part in an acetolysis 
of the epoxide catalyzed by hydrogen ion. Since by analogy* to the reaction 
of the epoxide with HBr the acetoxy grouping should have been introduced 
at Oil, the mixture w*as carefully investigated for the presence of this 
compound. 5.4 gm. of methyl 3(a)-acetoxj*-ll,12-epoxycholanate were 
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dissolved in 200 ml. of glacial acetic acid, 4.0 ml. of 0.958 M H2SO4 in glacial 
acetic acid added, and the mixture allowed to stand at room temperature 
for 3| hours. At this time the specific rotation (calculated from the epox- 
ide) was +114°. The solution was poured into ether, washed with twenty 
successive portions of water, dried over Na2S04, and the ether removed 
under diminished pressure at 30°. The residual oil was thoroughly dried 
in a desiccator, dissolved in 70 ml. of a mixture of benzene-petroleum ether, 
2:3, and poured over a column of 50 gm. of activated AI2O3. The fractions 
collected are given in Table I. 

S{a) yl2-Dihydroxy-tii^^^^-cholenic Acid (F, = H;R2 = H) — ^Fraction 

1 was rechromatographed over 50 gm. of AI2O3 vnth petroleum ether alone 
as the solvent. 1000 ml. of this solvent eluted in the initial fraction 500 mg. 
of an oily substance; [ajp = +180°. Several other fractions were eluted, 
but, since the rotation was slightly lower, these were considered mixtures 
and were not further investigated. Two duplicate portions each con- 

Table I 


Chromatographic Separation 0/ Acetolysis Products 


Fraction 

No. 

Solvent 

Ratio 

Volume 

Weight of 
eluatc 

la 




mi. 

gm. 

degrees 

1 

Benzene 'petroleum ether 

2:5 

200 

2.9 

+158 

2 


3:1 

2000 

1.4 


3 1 

Ether 


KM 

0.6 

+55 

4 ! 

Methanol 


m 

0.2 

1 

+45 


taining 200.4 mg. of the oil were saponified with 0.25 N NaOH in ethanol 
for 2 hours under a reflux. The saponification equivalent was 208- The 
neutral solution Avas acidified under ether, and the acid extracted with 
ether, washed, and evaporated to dryness. Upon solution in acetone- 
benzene mixture crystals deposited on standing, m.p. 168-180°; [cc]^ = 
+99.3°. Recrystallized from ethanol the compound melted at 166-170°. 
Recrystallized from eth3d acetate-petroleum ether it sintered at 149° and 
melted at 178-184° wth some preliminary softening. 2.7 mg. dissolved 
in 2,0 ml. of acetic acid containing a very small amount of H2SO4 gave a 
specific rotation of +237° when read 8 minutes after mixing. 

.CsJljsO^. Calculated, C 73.81, II 9,81; found (A. M.), C 74.78, H 10.43 

A sample of the compound was sent to Dr. E. C. Kendall for comparison 
with his compound, 3(a),12-dihydroxy-A^‘”-cholenic acid. Dr. Kendall 
reported that there was no depression on admixture with an authentic 
specimen of 3(a),12-dihydroxy-A^'”-cholenic acid, and, since he and his 














T. F, GALLAGHEH AND W. P. LONG 


503 


coworkers have reported a similar marked increase in rotation when their 
compound was treated with mineral acid in acetic acid solution, there can 
be little doubt that the two substances arc identical.^ 
S{a)fl2(ayDihydroxy-l!{pyacc(oTychola7nc Acid {VII ) — ^Fractions 2, 3, 
and 4 from the initial chromatogram were combined and chromatographed 
over 50 gm. of AI;Oa. A small amount of high rotator}' component was 
removed by elution with benzene and then 1.29 gm., [a]^ ~ +45®, were 
removed with 400 ml. of benzene-ether, 3:2. This material failed to 
crj-stallize under a variety of conditions. Two duplicate portions each 
containing 190 mg. were hydrolyzed by boiling with 7.0 ml. of 0.25 N 
NaOH in 50 per cent ethanol for 2 hours. The saponification equivalent 
was 279. The solution of the sodium salt w'as added to dilute H^SOi 
dropwise with stirring at 50®. After cooling to room temperature, the 
cr^’stalline product was filtered off and recrj^staliized from dilute ethanol. 
Needles melting at 148-160® w'ere obtained. After three recry’stalliza- 
tions from dilute ethanol the melting behavior was unchanged. After re- 
crj^stallization from ethyl acetate-petroleum ether the product formed 
clustem of fine needles melting at 202-230®. After four further recrj-stalli- 
zations from this mixture the melting point remained constant at 232- 
233®; [a]^ = +52® (95 per cent ethanol). 

Calculated, C 69.30, H 9.40; found (A. M.), C 69.15, H 9.60 

34,5 mg. dissolved in 1.6 ml. of 0.624 n KOH in 30 per cent ethanol 
and heated under a reflu.x for 3 hours consumed 0.152 ml. of N base, or a 
saponification eqmvalent of 227. Calculated for (2 equivalents), 

226. 

0 

Methyl S{a)-Ac€ioxy-l 1 J2-dikciocholanalc (F/JJ, Ri = CHz — C — ;Ri ~ 
CHz ) — In subsequent experiments with larger quantities of epoxide for 
the acetolj'sis a third component of the reaction mixture was separated 
from the loiver dextrorotaton' fraction. This product was more strongly ad- 
sorbed on AI5O3 than meth}'! 3(cr),ll(^)-diacetox5'-12{Q:)-«hydro.x3'cholanat€. 
Elution with ethyl acetate jdelded an oil; [a ]d = +45®. 1.5 gm. of this 
product, dissolved in 20 ml. of stable glacial acetic acid, ivere oxidized 
Avith 30 ml. of 0.78 n CrOs in acetic acid at room temperature for 30 minutes. 
Excess CrOs w'as reduced with methanol, and the solution, diluted with 
ether and extracted \vith w^ater. The ether solution Avas washed with 
NaHCOj solution and with water. After dr 3 iag over Na^Oi, the ether 

*Dr. Kendall likewise infonned us that 3(a),12-dihydroxy-A’‘”-choIemc acid 
forms relatively stable choleic acids with benzene, which may account for our high 
carbon figure. Wc are grateful to Dr. Kendall for his assistance. 
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was removed and 910 mg. of neutral material obtained. This was purified 
by chromatographing over 15 gm. of AI2O3. Elution with benzene-pe- 
troleum ether, 3:1, yielded an oily fraction which deposited 180 mg. of 
crystals melting at 181-186®, Further elution of the column yielded only 
oily products. The compound was recrystallized from ethyl acetate- 
petroleum ether and after four recr3'’stallizations had a constant melting 
point of 197-198®; = +129® (ethyl acetate). 

C 2 tH 4 oOc. Calculuted, C 70.40, H 8.75; found/ C 70.5J, 70.23, H 8.93, 8.81 


DISCUSSION 

The 11,12 epoxide of lithocholenic acid obtained by means of perbenzoic 
acid reacts with hydrobromic acid to form a bromohydrin the structure 
of which Avas 3(o:),12-dihydroxy-ll-bromocho]anic acid. Since the 
opening of an oxide ring is with few exceptions accompanied by inversion 
of one of the substituents, the probability is strong that in the bromohydrin 
the halogen atom at C-11 and the hydroxyl group at C-12 are irans Avith 
respect to one another. It has been demonstrated by Kendall (1) that 
this same epoxide can be converted to desoxycholic acid by catalytic re- 
duction in the presence of hydrochloric acid. The results of the investi- 
gation reported here demonstrate the intermediate formation of the 
11-halogen- 12-hydroxy derivative in the reduction so that the hydroxyl 
group at C-12 of this halohydrin must have the same configuration as 
the C-12 hydroxyl group of desoxycholic acid. 

On the basis of Giacomello’s (5) x-ray measurements of desoxycholic 
acid Koechlin and Reiclistein (4) have provisionally designated the G-12 
hydroxyl group as that is, cts Avith respect to the methyl group at C-10 
(formula IX). 



CH3 O 

H i Z' 

O HC— CH.— CH 2 — C 

\ 

OH 


If this formulation is correct, then the bromohydrin described in this 
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paper should be designated 3(a),12(/3)-dihydrox>’-ll(a)-bromocholan5c 
acid mth the structure X. 

CH, O 

H 1 


O HC— CH,— CHt— C 



(X) 


On the basis of work reported in Paper IV of this series (6), we had 
concluded that the C-12 hydroxyl group of desoxj'cholic acid has the a 
configuration and for this reason we had initially not assigned configuration 
to the halogen derivatives at C-11 and the hydroxyl group at C-12 in the 
present paper. After this manuscript had been prepared, however, we 
have had access to more recent publications of Reichstein and his col- 
laborators which have necessitated a discussion of the configuration of 
these compounds. 

Seebeck and Reichstein (7) have prepared two crystalline epimers from 
the bromination of 3(ot)-acetoxy-12-ketocholanic acid. These were con- 
verted to the methyl esters which were described as follows: 


il.p. [alp (CHCU) 
“C. itiTtex 

Methj’l 3(a)-acetoxy-ll(i3)-bromo'l2-ketochoIanate IGO-lOl 4*37.5 

** 3(a)-acetoxy-ll(a)-broino-12-ketocholanatc 159-161 +47.3 


Por other purposes we had independently prepared these same two com- 
pounds by a different procedure and therefore both substances were avail- 
able for comparison. VTdle the two epimers differ only slightly in melting 
point and rotation, it seems unquestionable that the methyl 3(a)-acetoxy- 
110)-bromo-12-ketocholanate (III) which we have described in the present 
communication with a melting point of 162-164° and {cr]2* — 4~41.4° 
in absolute ethanol is identical with the ll{/3)-bromo ester reported by 
Seebeck and Reichstein.® 

•We have since verified this conclusion by dehydrobromination of the compound 
wuh pyridine. In agreement with the findings of Seebeck and Reichstein the com- 
pound is converted in excellent jield to methyl 3(a)-acetoxy-12-keto-A* -^'-cholenate 
(m.p. 148-149°; ejioo 10,600) after 3 hours heating. The 11(a) epimer is recovered 
unchanged under these conditions. 
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Seebeck and Reichstein assigned the p configuration to the halogen at 
C-11 of the compound under discussion after comparison of the ease of 
dehydrobromination of the two bromo ketones cpimeric at C-11. The 
ll(i3)-bromo compound readily lost HBr to form methyl 3(ci£)-acetoxy- 
12-keto-A^’^*-cho]enate when it was warmed ^yith pyridine, whereas 
the 11 (a) compound was recovered unchanged from the same treatment. 
It is to be expected that a irans configuration of the hydrogen atom at 
C-9 and the halogen at C-11 would favor the removal of these substituents 
as HBr. Since it is most probable (8) that the h3''drogen at C-9 is trans 
to the angle methyl group at C-10, the epimcr which was readily converted 
to the a,)3-unsaturated kcto acid was assigned the P configuration at 
C-11. In Paper IV of this series (6) we shall offer further evidence for 
the validity of the configuration of the halogen at C-11. We therefore 
believe that certainty can be attached to the configuration wliich Seebeck 
and Reichstein have given the tAvo C-11 epimers of meth}^ 3(a)-acetoxy- 
ll-bromo-12-ketocholanate. For the further discussion then we shall 
assume that the configuration of tlie halogen at C-11 is established. 

Therefore, if the structure of the bromohydrin obtained by treatment 
of the epoxide of A^^-lithocholenic acid is 3(a),12(/5)-diliydroxy-ll(/5)- 
bromocholanic acid, either of two conclusions must be drawn. These 
are (a) that the opening of the epoxide has occun*ed without inversion, 
or (6) that the configuration of the hydrox 3 d at C-12 has been incorrectly 
assigned by Koechlin and Reichstein (4). The first conclusion, Avhile not 
impossible, is unlikely. It is therefore necessary to review the evidence 
Avhich bears upon the second conclusion. Koechlin and Reichstein (4) 
have •presented valuable information in tliis regard. Comparison of the 
velocity of saponification of the tAvo epimeric methyl 3-keto-12-acetox3^- 
cholanates established the fact that the ester epimeric at C-12 AA^as much 
more readily hydrolyzed than the analogous compound in AA'hich the C-12 
h 3 ^droxyI had the configuration of that of desoxycholic acid. The length 
of the side chain exerts considerable influence on the velocity of saponifica- 
tion of the ester at C-12, as shoAvn by comparison of the cholanic acid 
derivatives AAuth the corresponding etio acid (9) AAdiich is considerabb'^ 
more readily saponified. These authors (4) state then, '‘Dieser starkc 
Einfluss der Seitenkette Av^are am besten A'^crstandlich, Avenn sich die 12- 
standige Hydrox 3 dgruppe und die Methingi-uppe Nr. 17 in cis-Stellung 
zueinander befinden (also OH und Methyl Nr. 18 trans-stiindig) . . 

These authors likeAA'ise attempted to prepare a 5-lactone from bisnor- 
desoxycholic arid by heating it in tctralin and by vacuum distillation at 
300°, They AA’ere unsuccessful in these attempts, and, although they 
AA’cre unAvilling to assign a definite configuration to the C-12 hydroxyl 
group and the side chain on the basis of a negatiA^c result, the}^ nevertheless 
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indicate that their experimental findings are in agreement niith the f onnula* 
tion of desoxycholic acid as either XI or XII in which the hydrox^d group 
at C-12 and the side chain at Ol7 are in irans position to each other. 
Despite these results, the Swiss investigators provisionally accepted the 
formulation of Giacomello and have adopted the P configuration for the 
C-12 hydroxj’l group of desoxjxholic acid (XII). 


N 

(XI) 




(XID 

Our experimental results are in better agreement wdth the conclusion 
that the C-12 hydroxyl group of desoxjxholic acid has the a configuration 
and there is no contradictor^’' e\ddence from Reichstein’s work. The 
11,12 epoxide with HBr yields a 3(a),12-dih3'droxy-ll(^)-bromocholanic 
acid which can be catalytically reduced to desoxy cholic acid (1). Since 
the opening of the oxide should 3 ’ield substituents at C-11 and C-12 in 
tram configuration to each other and since the halogen at C-11 has been 
shown to have the 11 (j8) configuration, it follows that the h\’'droxyl at 
C-12 of desoxj-choiic acid has a configuration. Therefore the correct 
structure of desox 3 ’'cholic acid, 3(a),12(a)-dihydroxycholanic acid, is 
shown in XI. 

Accordingly, then, the bromohj'drin obtained hy opening the epoxide 
ring is 3(a),12(ce)-dihydroxy-ll(i3)-bromocholanic acid (II), and, since 
the opening of the epoxide ring should proceed in the same fasliion with 
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acetic acid as with hydrobromic acid, the amorphous product of acetolysis 
should be methyl 3 (a) , 1 1 (/!?)-diacetoxy-12(a)-hydroxycholanate (VI). 
Examination of molecular models reveals that this is the more hindered 
configuration at C-11, which is in accord with our finding that 2 hours 
hydrolysis with boiling 0.25 N NaOH yielded the crystalline 3 (q:), 12(a)- 
dihydroxy-ll(/?)-acetoxychoIanic acid (VII). 

The formation of both methyl 3(ay-acetoxy-12-hydroxy-A®'^^-choIenate 
(V) and the glycol, methyl 3(a)-acetoxy“ll,12-dihydrox)^cholanate, as 
well as the acetolysis product, methyl 3(a),ll(/9)-diacetoxy-12(a)-hydroxy- 
cholanate (VI), in the reaction of the epoxide with acetic acid in the pres- 
ence of H2SO4 indicates the complexity of the reaction. These substances, 
however, represent the principal products. The formation of methyl 
3(a)-acetoxy-I2-hydrox'y-A®'^'-cholenate is quite readily explained on the 
basis of the configuration we have assigned to the compounds formed by 
the fission of the epoxide ring. If the elements either of Avater or of sulfuric 
acid are added to the epoxide, the substituent at C-11 is irans to the hy- 
drogen at C-9 and is more labile in this configuration. It is to be expected 
that the elements of water or sulfuric acid would be readily lost under the 
influence of the sulfuric acid present in the mixture. With higher acid 
concentration this reaction should take place more rapidly and completely. 
A strongly dextrorotatory^ substance, very^ probably methyl 3(a)-acetoxy’'- 
12-hydroxy-A^*^^-cholenate, Avas the principal reaction product in the 
presence of higher concentrations of strong acid. This finding is further 
evidence for the configuration we have assigned to the substituents at 
C-11. 


We AATsh to express our appreciation of the technical assistance given 
us by Miss Joanna Xenos. 


SUMMARY 

1. The 11, 12 epoxide formed from A^^-lithocholenic acid has 11(a), 12(a) 
configuration. 

2. The epoxide reacts Avith hydrobromic acid to form a bromohydrin 
in AA'^hich the halogen is at C-11. 

3. The configuration assigned this compound is 3(a),12(a)-dihydroxy- 
ll(/3)-bromocholanic acid. 

4. The configuration of the C-12 hydroxyl group of desoxycholic acid 
is discussed and the conclusion drawn that this has the a configuration or 
trans to the angle methyl groups at C-10 and C-13. 

5. When the 11,12 epoxide of A^Mithocholenic acid reacts Avith acetic 
acid in the presence of sulfuric acid, at least three compounds are formed. 
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These have been identified as 3(a),i2-dihydrox>'-4®'”-choIemG acid, 
3(a), 11 , 12-trihydrox>xholanic acid, and 3(a) , 12(a)-dihydroxy-ll(iS)« 
acetoxycholanic acid. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 

III. PREPAUATIOX OF 3(a),n(a).DIHYDROXYCHOLAXIC ACID* 

Bv WILLIAM P. LOXGt and T. F. GALLAGHER 
{From the Deparlmcnt of Biochemistry of (he Unirersidj of Chicago, Chicago) 

(Recciveci for publication, Scplember S, 1945) 

In Paper II %ve (I) have shomi that methyl 3(o:)-acetox>*-ll,12- 
epoxj'cholanate undergoes fission of the epoxide ring with the introduction 
of the anionic constituent at C-IL The products of such reactions offered, 
we felt, a possible route to the preparation of 3(a),ll-dih5'droxj"cbolanic 
acid. 

Marker and Lawson (2) prepared 3(a),ll-dihydroxy-12-ketocholamc 
acid by bromination and subsequent alkaline hydrolysis of 3(a)-acetoxy- 
12-ketocholanic acid. They could not reduce the product by the Clemmen- 
sen method but were able to obtain a crude semicarbazone. The}" state 
that Wolff “Kishner reduction was also unsuccessful, although no details 
of procedure or products were given. Longwell and Wintersteiner (3) 
rein%'estigated the problem and were unable to seciRe the semicarbazone 
described by Marker and Lawson. These authors could not obtain either 
a hydrazone or an oxime and upon treatment of the 3(a),llHlihy(iro.\y-12- 
ketocholanic acid with sodium ethylate and hydrazine hydrate at 200® 
both oxj'gen atoms in Ring C were eliminated. Marker, Shabica, Jones, 
Crooks, and Wittbecker (4) repeated the reduction of 3(a), 11-dihydroxy- 
12-ketocholanic acid, using the method employed by Longwell and Win- 
tersteiner, and obtained a product characterized as 3(a),ll,12-trihydroxy- 
cholanic acid. Although it appeared from these results that the reduction 
of a 12-keto bile acid vdth. a hydroxyl group at C-11 would not 3deld the 
d^ired product, there were at least two reasons for investigating this 
problem. It was possible (1) that the structure of the compound prepared 
by Alarker and Lawson was not that assigned by these authors, or (2) 
that, if the structure were correct, the epimeric compound with the- C-11 
hydroxyl group in the opposed configuration would react with ketonic 
reagents and permit reduction of the carbonyl group. The experiments 
recorded here were undertaken to explore these possibilities. 

* The work described in llji& paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

t This paper represents a portion of a thesis submitted by William P. I»ong to the 
Division of Biological Sciences of the University of Chicago, in partial fulfilment of 
the requirements for the degree of Doctor of Philosophy. 

oU 
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Since the preparation of methyl 3(Q:),llf;8)-diacetoxy-12(a)-hydroxy- 
cholanate by acetolysia of the 11,12 epoxide gave poor jaelds, a series of 
experiments was performed in an attempt to improve the conditions. 
Methyl 3(a)-acetoxy-ll,12-epoxycholanate reacts Avith acetic acid at 
100° in the absence of mineral acid, as measured by the change in rotation, 
but, since much unchanged epoxide could be recovered after 1 to 2 hours 
heating, it appeared that these conditions favored the formation of methyl 
3(a:)-acetoxy-12-hydToxy-A®'“-cholenate (or the 12-acetate of this com- 
pound) and this method was abandoned in favor of the acid-catalyzed 
reaction described in Paper II (1). 

Trial experiments in which rotation alone was measured gave the fol- 
lowing results: When higher concentrations (0.02 m) of anhydrous per- 
chloric acid were added to an acetic acid solution of the epoxide, the rotation 
increased to -+-170° immediately; with smaller concentrations (0.002 m) 
the same rotation was observed after 1 hour at room temperature. These 
results demonstrated that the conversion of the epoxide to the acid 
was more rapid at high hydrogen ion concentration than the acetolysis. 
A series of experiments was carried out with small amounts of sulfuric 
acid (1.2 X 10~* m), the solution of the epoxide being heated to boiling 
for from 10 to 20 minutes. The procedure gave relatively large amounts 
(60 to 60 per cent) of methyl 3(a)-acetoxy-12-hydroxy-A®’*^-eholenate and 
from 15 to 20 per cent of methyl 3(a)-acetoxy-ll,12-dihydroxycholanate, 
while the yield of the desired methyl 3(a),ll(/3)-diacetoxy-12(«)-hydroxy- 
cholanate was small and variable. When the reaction was studied at 0° 
with higher acid concentration (1.25 X 10~“ to 4.6 X 10~'^ m), the for- 
mation of methyl 3(a)-acetoxy-12-hydroxy-A®’^^'Cholenate was found 
to be less than when the reaction was conducted at liigher temperatures. 
The yield of the acetolysis product was not markedly higher when cal- 
culated from the amount of epoxide used for the experiment. Since, 
however, some 40 to 50 per cent of unchanged oxide could be recovered 
after 18 hours, this appeared to be a more economical procedure and a 
minor modification of these conditions was used for the acetolysis. A 
typical procedure is described in the experimental section. These e.x- 
periments were complicated by our failure to obtain methyl 3(a),ll(/3)- 
diacetoxy-12(a)-hydrox'ycho]anate in a crystalline state, and, for this 
reason, estimates of the yield of this compound were based on the amount 
of crystalline methyl 3(a),ll(/3)-diacetoxy-12-ketocholanate obtained 
after chromic acid oxidation. 

An alternative method for the preparation of an 11-acetoxy derivative 
in which methyl 3(a)-acetoxy-ll(/3)-bromo-12-kctocholanate was treated 
with potassium acetate in methanol solution yielded only unchanged 
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starting material and small amounts of amorphous product. The action 
of silver acetate on mcthjd 3(of)*acetoxy-ll(p)'bromO'12(a)-h3’‘droxy- 
cholanate was investigated. A portion of the material was converted to 
the 11,12 epoxide, while the remainder underwent loss of HBr with the 
formation of method 3 (a)-acetoxy- 12 *h 3 ^drox 3 "-A^'“-choIenate. 

EXPEUniENTAL^ 

Hearifon of Methyl 3{ayAc€(oxy-ll{^}-bromo-12(ctyhydroxijchol(ina(c vnlh 
Stiver Acetate — 3.0 gm. of methjd 3(a)-acetoxy-ll , 12*epox3"cholanate were 
dissolved in 50 ml. of acetone and 8.0 ml. of L5 n HBr added. After 15 inin- 
utes the solution was neutralized with 11.5 ml. of 0.5 k NaOH. The bromo- 
hydrin was extracted with ether, washed with water, and, after drying 
over Na;S 04 , the ether was removed under diminished pressure at 30°. 
The oilj" residue was thoroughly dried in the desiccator, dissolved in 200 
ml. of glacial acetic acid, and shaken mechanically for 15 hours with 1.9 
gm. of powdered silver acetate. The solution was decanted into ether 
and washed \rith water, dilute HNO 3 , 5 per cent NaHCOj solution, and 
finally" with water. After removal of the ether and crystallization from 
dilute methanol 1.84 gm. melting at 142-143° were obtained. No de- 
pression was found on admixture \xiih. methjd 3(a)-acetox3^-ll,12-epoxy- 
cholanate. T^Tien dissolved in acetic acid in the presence of the 

compound showed the typical mutarotation of the epoxide. 

The mother liquors rielded a second crop of 550 mg. of crystals, m.p. 
81-85°, which on reciystaliization from dilute acetone melted unshaiply 
at 83-106°; la]l* ~ +105° (acetic acid). "VMien a trace of concentrated 
H:^Oi was added, the rotation promptly shifted to [a]^ = +210°. 46.2 
mg. in 1.0 ml. of absolute ethanol and 1.0 ml. of 1.5 k KOH were boiled 
under a reflux for 4 hours and a saponification equivalent of 228 was ob- 
tained; calculated for Cj7H4iOa (2 equivalents), 224. Both the optical 
behavior and the saponification ate consistent with methyl 3(a)-acetoxy- 
12-hydroxy-A® * ^^-cholenate. 

Methyl 3{a)-Ac€toxy-l£-f:e{o-A^-^^-cholenate — 50 mg. of methyl 3(a)- 
acetoxy-12-h3"drox3’'-A^*“-choIenate were dissolved in 1.0 ml. of pure glacial 
acetic acid, 0.5 ml. of 1.32 k CrOj in acetic acid was added, and the mix- 
ture stood at room temperature 20 minutes, ^lethanol was added and the 
solution diluted with neater. The ether was washed xnth water, 0 per 
cent NaHCOa solution, and again with water. Hemoval of the ether 

* All melting points nre corrected. The microanalyscs were performed by Dr. 
Amel Mcnotti (A. M.), American Medical Association, Chicago, and by Dr. Joseph 
Alicino (J. A.) of The Squibb Institute for Medical Research, New Brunswick, New 
Jersey. Wc wish to express our appreciation for this sendee. 
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yielded 44 mg. of crystals, m.p. 143-145®. After four recrystallizations 
from metlianol it formed rectangular prisms, m.p. 149-150®. 

C 27 H 40 O 5 . Calculated, C 72.77, 11 9.05; found (J. A.), C 72.31, H 8.64 

The product had the characteristic absorption spectrum of an a,^-un- 
saturated ketone ; 62330 = 11,700. 

Methyl 3(a) jll(P)-Diaccto.vy-12~kciocholanate — 190 mg. of methyl 3- 
(a) , ll(^)-diacetoxy~12-hydro.\ycholanate (amorphous, fajp = +45®), 
obtained by the method used in Paper II (1), were dissolved in 3.0 ml. of 
pure glacial acetic acid, 7.0 ml. of 0.53 n CrOa in acetic acid added, and the 
reaction mixture cooled to between 5-10® for 2 hours. The excess CrOa 
was reduced with methanol, and the solution poured into ether and sep- 
arated into acidic and neutral fractions in the usual manner. The neutral 
fraction yielded 08 mg, of ciystals from ether-petroleum ether, which 
after one reciystallization from petroleum ether melted at 109-111°; 

== +124° (absolute ethanol). 

C 29 H 4407 . Calculated. C 69.02, H 8.83, saponification equivalent 170 
Found (A. M.), “ 69.35,** 9.18, ** “ 169 

Oxime of Methyl S(a) ^ll(^)-Diacetoxy~12-Jcetocholanate — 24 mg. .of 
methyl 3(Q:),ll(i5)-diacetoxy-12-ketocholanate were heated under a 
reflux mth 35 mg. of hydroxylamine hydrochloride and 08 mg. of sodium 
acetate trihydrate in 5.0 ml. of ethanol for 5 hours. Upon dilution ^\4th 
Avater very fine needles Avere deposited Avhich Avere twice recrystallizeci 
from ethyl acetate-petroleum ether, m.p. 136-138°. 

C 2 »H 4507 N'. Calculated, X 2,71; found , 2 2.51 

No semicarbazone Avas found cither by heating for 5 hours with semi- 
carbazide acetate in pyridine-alcohol solution or by standing at room tem- 
perature for scA^eral Aveeks Avith semicarbazido acetate in pyridine-alcohol 
solution. Under the latter conditions a small amount of unchanged 
starting material was recoA^’ered but no other crystalline product could be 
found. 

Hydrazonc of 3(a)-Hydroxy-l 1 (p)-acctoxy-12-keiocholanhydrazide — 200 mg. 
of methyl 3(a),ll(^)-diacetoxy-12-ketocholanate Avere heated under a 
reflux for 15 hours with 0.5 ml. of hydrazine hydrate and 1.0 ml. of absolute 
ethanol. The mixture Avas cooled in an ice bath; 190 mg. of crystals Avere 
obtained Avhich Avere recrystallized five times from 95 per cent ethanol. 
The compound Avas difficult to purify but finally came to a constant 

» Microannlysis by Dr, T. S, Ma, Dopartment of Chemistry of the Univer.sity of 
Chicago, Chicago. 
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melting point of 221-223® in a capillan" tube. When the melting point was 
observed under a microscope, the compound melted over 8® in this range. 
It is noteworthy that, while the prolonged treatment vdth hydrazine re- 
moved the ester groups at C-3 and C-24, the acetoxy group at C-11 was 
resistant to the reagent. It is possible that epimenzation or partial removal 
of the acetoxy group was responsible for the difficult}" in purification. 

Calculated. C 63.13, H 9.37, X 1132 
round(A.M.).*‘ G3.33,“ 9.S0,“ 11.82 

3(a) ,ll(fiyDihydroxi/‘12‘f:ctocholamc And— 52 1 rag. of methyl 3(a) , 1 103)- 
diacetoxy-12-ketocholanate were dissolved in 5.0 ml. of 95 per cent ethanol 
and 11.7 ml. of 0.6 x KOH in 85 per cent ethanol added. The solution was 
chilled to 0®. After 3 hours the flask was filled wdth ciystals which after 
24 hours at this temperatui*c were filtered, washed with a small amount of 
cold ethanol, and dried. Yield 414 mg. or 90 per cent of theory". After 
one recrystallization from water the salt melted at 223-226®; [a]^ = +90° 
(0.36 per cent solution in absolute ethanol). 

The potassium salt was converted to the acid with acetic acid. This 
compound proved extremely difficult to crj’stallize. It forms clumps of 
soft needles from a concentrated solution in methanol. The best melting 
point obtained was 147-157°; because of this no analysis was performed. 
The methyl ester, prepared ndth diazoraethane, proved similarly difficult 
to cr3*5tallizc and melted at 189-193°. 

irof/f-JCfs/mcr Rcdiidion of Hydrazone of 3{a)-Hydroxy‘l l(fi)~aceloxy•12- 
J:e(ocholanhydra 2 ide — 100 mg. of the hyclrazide hydrazone were heated at 
200° in a .*!ealed tube nith G ml. of 5 per cent sodium ethylate and 3 drops 
of h 3 "drazine hydrate for 8 hours. The product obtained on acidification 
of the reaction mixture was a white amoi*phous solid weighing 75 mg. As 
it appeared to be inhomogeneous, it was converted to the methyl ester with 
diazomethane. The esters were separated by chromatograpbing on 3 gm. 
of activated according to the scheme given in Table I. Each fraction 

represented 50 ml. of eluate. 

Methyl SiayHydroxy-A^^'Cholenale — ^The 24 mg. eluted udth benzene- 
ether were recrystallized from petroleum ether and melted at 96-100°; 
[«]? = +50° (ethyl acetate). Upon admixture with an authentic sample 
of methyl 3(a)-hydroxy-A^‘-cholenate (m.p. 101-106°) there was no 
depression of the melting point. It is probable that this product was 
nevertheless a mixture of methyl lithocholenate and methyl lithocholate 
similar to that described in Paper IV (5), since these two compounds form 
mixed ciystals. 

Methyl 3(a) ,11 (a)~Dihydroxyc}wlanaie — 19 mg. of the crystalline material 
eluted vsdth ethyl acetate were recrystallized three times from ethyl acetate- 
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petroleum ether. The compound formed clumps of long pointed needles 
melting at 132-133°; [a]^^ = +19° (ethyl acetate). 

CsiHuO*. Calculated, G 73.85, H 10.41-, found (A. M.), C 73.67, H 10.56 

3{a) ill {ayDihydroxycholanic Acid — 212 mg. of methyl 3(q:) , 11(a)- 
dihydroxycholanate were hydrolyzed for 1 hour on the steam bath with 
5 ml. of 0.5 N alcoholic NaOH. The solution was poured slowly into dilute 
H2SO4 wth stirring, the precipitate filtered, and after one crystallization 
from ethyl acetate-petroleum ether, melted at from 120-145°. After three 
recrystallizations from the same solvent the product sintered to an opaque 


Table I 

Separation of Products from Wolff -Kish7ier Reduction 


SoUent 

Ratio 

Weight eluted 

Description 

Benzene-petroleum ether . . 

1:1 

ms. 

2.4 

Oily 

f f tt 

3:1 

0.5 

II 

Benzene 


1.0 

II 

Benzene-ether 

9:1 

0.5 

tt 

(( 

4:1 

14.0 

Crystalline 

it 

3:2 

10.0 

II 

it 

3:2 

0.5 

Oily 

ii 

3:2 

0.5 

II 

It 

2:3 

1.0 

II 

tt 

1:4 

1.3 

II 

Ether. . 


1.0 

II 

II 


2.8 


Ethyl acetate 


19.0 

j Crystalline 


mass at 127° and slowly became clear up to 147°; [a]^ = +22° (absolute 
ethanol). 

CjiHioOi. Calculated, C 73.43, H 10.27; found (J. A.), C 73.98, H 10.62 

Methyl 3{(x) ill{a)-Dtacctoxycholanate — 46 mg. of methyl 3(a), 11(a)- 
dihydroxycholanate were heated in a sealed tube at 100° for 1 hour with 
0.5 ml. of acetic anhydride and 0.5 ml. nf pyridine. The mixture was 
poured into ice and dilute sulfuric acid, and allowed to stand overnight. 
The semicrystalline product, recrystallized from dilute methanol, melted 
at 105-111°. After two recrystallizations from the same solvent the 
melting point was 118-119°; [a]i^ = +13.4° (ethyl acetate), [a]f = + 7.0° 
(CHCU). 

CtiHiftOf. Calculated. C 70.98, H 9.45, saponification equivalent 163 
Found (A.M.). “ 71.20, 9.46, ‘‘ 167 
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Atlempicd Dehydration at C-11 — Removal of the C-11 hydrox}’'! group 
was attempted by the method which Shoppee (6) found to be successful 
for the cortical substances. 27 mg. of method 3(a),ll(a)-dihydroxy- 
cholanate in 0.4 ml. of glacial acetic acid and 0.1 ml. of concentrated HCl 
were heated under a reflux for 30 minutes. The product was esterified 
vdth diazomethane and acetylated with acetic anh^’^dride in p3Tidine. 
Onl}’’ methyl 3(a) ,ll(a)-diacetox3Tholanate (21 mg. of ciy’stalline material, 
m.p. 109-112'') was obtained. This product gave no depression of melting 
point when mixed ^vith an authentic sample of methyl 3(or) , 1 1(a) -diace toxj”- 
cholanate, but, when mixed with methyl 3(a)-acetoxy-A“-cholenate (m.p. 
115-117°), the melting point was depressed to 94-97°. 

Methyl S jlUDiketocholanate — 25 mg. of slightly impure meth3d 
3(a),ll(a)-dih3"dro\ycholanate were dissolved in 1.0 ml. of pure glacial 
acetic acid, 1.0 ml. of 0.6 N CrOa in acetic acid added, and the mixture left 
at room temperature for 20 hours. The acetic acid was removed under 
diminished pressure at 30° and the residue dissolved in water and ether. 
The ether solution was washed vdth dilute sulfuric acid, sodium bicarbonate 
solution, and water, and then dried over NajSOi . After removal of the 
ether, the resulting 3’’ellow oil was purified b3’' chromatographing over 2 gm. 
of activated AI2O3. 7.0 mg. were eluted 'i^dth benzene-ether, 4:1, after 
several small oily fractions had been discarded. This product crystallized 
in square plates from 60-70° petroleum ether after standing. It melted at 

83- 85°. Subsequently, when larger amounts were prepared, recrystalliza- 
tion from 60-70° petroleum ether 3’i elded hexagonal plates melting at 

84- 85°; [a]Jf = -|-69° (eth3d acetate). Lardon and Reichstein (7) report 
a melting point of 82-84°; [aj^^ = -f-61.7° (acetone). 

CjsHjsOi. Calculated, C 74.59, H 9.51; found (J. A.), C 74.40, H 9.30 

Monosemicarhazone of Methyl S ,11-Diketocholanatc — ^70 mg. of meth3d 
3,11-diketocholanate (m.p. 86°) were dissolved in 3.0 ml. of ethanol and 
5 ml. of a solution of semicarbazide acetate prepared from 106 mg, of 
semicarbazide hydrochloride and 126 mg. of sodium acetate trih3ydrate 
were added. The mixture stood 16 hours at room temperature and the 
product was precipitated b3’’ the addition of water. Four reciystallizations 
from methanol 3delded rectangular plates melting at 194-197°. 

C; 5 Hio 04 Xs. Calculated, N 9.41; found (J. A.), 9.49 

Improved Acetolysis of Methyl 3{a)-Acetozy-ll ,12‘epoxycholanate — 10 
gm. of methyl 3(a)-acetox3’'-ll,12-epox3ycholanate were dissolved in 300 
ml. of anhydrous acetic acid and 200 ml. of toluene. 6.0 ml. of 0.96 m H;S04 
in acetic acid were added, and the flask immediately chilled to 0° and 
maintained at this temperature for 16 hours. The solution was poured into 
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ether, extracted mth water and 10 per cent Na 2 C 03 solution, and, after 
drying over Na 2 S 04 , the solvent was removed at 30°. The residue, weigh- 
ing 10.3 gm., was dissolved in 50 ml. of pure glacial acetic acid. 100 ml. 
of 1,0 N CrOs in acetic acid were then added and, after 15 minutes at room 
temperature, the excess CrOs was reduced by addition of methanol. The 
mixture was poured into a large volume of water and ether and the 
ether solution washed successively with water, Na 2 C 03 solution, and water. 
The ether was removed at 30° and the neutral residue (weight 8.4 gm.) in 
150 ml. of benzene-petroleum ether, 3:1, was poured over 100 gm. of 
activated alumina. The fractions given in Table II Avere eluted. 

Fractions 5 and 6 Avere combined and after recrystallization yielded 1.70 
gm. of methyl 3(a),ll(/5)-diaceto\y-12-ketocholanate, m.p. 107-110°. 

Table II 


Separation of Products from Acciolysis after CrOi Oxidation 





Weight of 
cluatc 

Description 

1 

Bcnzcnc-petroleiun other 

3:1 

gm. 

0.399 

Oily 

2 

Benzene 


0.987 

Crystalline; almost pure 

3 

Bonzene-ethor 

20:1 

2.037 

methyl 3(a:)‘acctoxy-ll, 

4 


10:1 

0.894 

12-epo.\ycholanntc 

5 

t { 

3:1 

1.374 

Crystalline 

0 


2:1 

0.750 

( ( 

7 

Ihher 


0.075 

Oily 

8 

Methanol 


1.695 

i ( 


^ Eiich fraction represented 1 liter of elimte except Fractions 7 and 8 whicli were 
500 ml. 


DISCUSSION 

From these experiments, the significant facts emerge that an 11(/S)- 
liydroxyl group does not prcA'ent the formation of ketonic derivatives at 
C-12 and that the ketone group can lie successfully reduced to a methylene 
Avithout loss of the lydrox}^ at C-11. Tlic failure of the 3, ll-dihydro.\y- 
12-ketocholanic acid described ly Marker and LaAvson to form ketonic 
dcrivati\Ts is due to rearrangement b}-' the alkaline hydrol3"sis invoh^ed in 
its preparation, as will be discussed in Paper VI (8) of this series. 

The 3,ll-dih3’‘droXycholanic acid isolated b}' Wolff-Kishner reduction 
of methyl 3(«) , ll(/3)-diaceto\y-12-ketocholanate has been assigned the 
11(a) configuration on the basis of the ea.se of acef^'lation and the relative 
resistance to dehydration of the C-11 hydroxyl group. It is interesting to 
note that Avhereas the ll(a)-lydroxyl group is sterically unhindered the 
ketone group at this position is unreactivc as demonstrated by the forma- 
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tion of a monosemicarbazone from meth}"] 3 , 1 l-<iiketocholanate. The 
ketonic gi’oup therefore resembles the inert ketonic group at Oil of the 
cortical steroids. The cortical steroids must have the hydroxjd group at 
Oil in the /5 configuration, since these substances have been shown to be 
resistant to acylation and are, moreover, readily dehydrated Avith mineral 
acids. 

The mechanism of formation of 3(a),li(a)-dihydroxycholanic acid by 
the Wolfl-Kishner reduction will be discussed in Paper IV (5). 

AVe wish to express our appreciation of the technical assistance of Miss 
Joanna Xenos. 


SUMM \nY 

1. Methyl 3(Q:)',ll03)-diaceto\w-l2-ketocholanate was prepared from 
methj'l 3(a)-aceto\y-ll ,12-cpox>'cholanate by acetoh^sis and oxidation 
AAith CrOi. 

2. This compound readily forms an oxime and a h3"drazone. 

3. Wolff-Kishner reduction yielded an efiual amount of a compound 
tentatively identified as A"*lithocholenic acid and 3(cr),ll(a)>dihydrox3'- 
cholanic acid. The latter product has the C-11 hA’droxjd group in the 
unhindered configuration, since it forms a diacetate under mild conditions 
and Is not readih' dehydrated hy HCl in acetic acid. 
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PARTIAL SYNTHESIS OF CJOMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 

lY. AN mvnOVBV METHOD FOR THE PREPARATION OF 
3(a) , 11 (a)-DIHYDROXYCHOLANIC ACID* 

By T. F. GALLAGHER and YTLLL\M P. LONG 
(From the Deparimdnl of Biochemistry of the University of Chicago , Chicago) 

(Received for publication, September 8, 1945) 

In Paper III of this series (1) a method for the preparation of 3(a), 11- 
(«) -dihydroxj'cholanic acid from A“-lithocholenic acid was reported. 
Poor yields were obtained, and, since formation of the A“ acid by a py- 
rolytic reaction is unsatisfactory, it was desirable to determine whether 
the 3,11-dihydroxy acid could be prepared directly from desoxy cholic 
acid. It appeared possible that the necessaiy intermediate, 3(a), 1103)- 
dihydroxy-12-ketocholanic acid, could be obtained b3" bromination of 
method 3(a)-acetoxy-12-ketocholanate followed by alkaline hydrob^is 
of the appropriate ll-bronio-12-keto ester. The bromination of 3Ca)- 
acetoxy-12-ketochoIanic acid has been studied by several workers (2-4) 
who obtained only amorphous products. Recently Seebeck and Reich- 
stein (5) have described two ll-bromo-12-keto esters epimeric at C-11, 
which were obtained by the bromination procedure of Longwell and Win- 
tersteiner (3) in crystalline form but in poor yield. We were unaware of 
the preparation of these two epimers by the Swiss investigators and had 
independently prepared the same compounds. 

In attempting to separate a crystalline product from the bromination 
of methyl 3(a)-acetoxy-12-ketocholanate in acetic acid solution, we noticed 
that there was an add fraction in the crude product which suggested that 
partial hydrolysis had occurred under the influence of the hydrobromic 
acid formed during the reaction. We therefore carried out the bromina- 
tion at room temperature and reesterified the reaction product. When a 
small amount of colored impurity was removed by AI2O3, the residue crys- 
tallized readily' and two epimeric bromo keto esters were separated by' 
fractional crystallization. The ll(a)-bromo ester was converted in ex- 
cellent yield to 3(a),1103)-dihydroxy-12-ketocholanic acid, identified as 
the insoluble sorflum or potassium salt. The salt reacts with hydrazine 
hydrate and the hydrazonc can then be reduced to 3(a) ,ll(a)-dihydroxy'- 
cholanic acid by the Wolff-Kishner method. 

• The work described in this paper was done under a contract, recommended by' 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 
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EXPERIMENTAL^ 

M ethyl 3{ayAccloxy-12 {a)-hydroxycholanatc — (Wieland, Dane, and 
Scholz (6) and Reichstein and Sorkin (7) have described somewhat different 
methods of preparation.) 400 gm. of meth}^ desoxycliolate Avere dissolved 
in 750 ml. of redistilled pyridine, 165 gm. of freshly redistilled acetic anh}’'- 
dride (l.G moles) added, and the mixture allowed to stand at room tempera- 
ture for 19 houi's. Ice and water Avere added and after an interval of 2 to 3 
hours the precipitated solid AA'as dissolved in ether. The p 3 Tidine-Avater- 
acetic acid mixture was extracted with ether and the combined ether 
solutions Avere AA^ashed thoroughly Avith 5 per cent H 0 SO 4 , 5 per cent 
Na 2 C 03 , and finally with AA^ater. After removal of the ether, the residue 
Avas dissolved in methanol and ciystallized from this soh^ent. Tw^o crops, 
AAiiich together AA^eighed 340 gm., AA'ere obtained, m.p. 128-129.5°; [aJo 
= +66° (absolute ethanol). ’The yield Avas 77 per cent of theory. Yevy 
little more ciystalline product can be obtained from the mother liquom. 

Methyl 3{ayAceioxy-12-ketocholanate — 463 gm. of methyl 3(a)-acetoxy- 
12(a)-hydroxycholanate AA^ere dissoh^ed in 1500 ml. of glacial acetic acid 
AAith gentle AA’arming and the solution cooled to room temperature. 175 
gm. of CrOs dissolved to 800 ml. of AA^ater AA’ere added AAith stirring oA’cr 1 
to 2 hours. The reaction mixture AA''as alloAA’ed to stand for another hour 
and 1500 ml. of AA’ater AA’ere added sloAAiy Avith continuous stirring. The 
crystalline mass aa’os filtered, AA'ashed tAAice by suspension in AA’ater, filtered 
as dry as possible, dissolved in ethanol, and cr3'’stallized from this soh^ent. 
The product, m.p. 149-151°, Aveighed 410 gm. and is sufficiently pure for 
bromination. The mother liquors yielded 8 gm. AAith a melting point of 
148-150° on concentration. The yield was 90 per cent of theory. The 
pure compound melts at 151-153°; [a]^ = +111° (absolute ethanol). 

Bromination of Methyl 8{ayAc€loxy-12-ketocholanatc — 51 gm. of methAi 
3(a)-acetox3’’-12-ketocholanate AA’ere dissoh'^ed in 120 ml. of pure glacial 
acetic acid, 34 ml. of 7.5 n Br^ (1.1 moles) in acetic acid added, and the flask 
stoppered and stored in the dark at room temperature for 5 days. At 
this time the substitution of bromine AA’as complete. The acetic acid 
solution AA’as poured very sloAAiy into a large volume of ice AA^ater AAith 
Aigorous mechanical stirring. If the addition to the AA’ater is made sloAvly, 
the product is sandy and easily filtrable; otherAAise an oily mass is obtained 
AA'hich is difficult to free from acetic acid. The precipitate AA'as filtered, 
AA’ashed fu’e times by suspension in Avator, and dried as thoroughly as 
possible. The amorphous bromo ketone AA’as dissolA’^ed in dry methanol 
AAith gentle AA’arming, 0.5 ml. of concentrated H 2 SO 4 added, and the so- 

* All melting points arc corrected. The inicroanab'scs were performed by Dr. 
.Toseph Alicino, The Squibb Institute for Medical Research, Kcav Brunswick, New 
Jersey. We wish to express our appreciation for this service. 
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lution allowed to stand at room temperature for 5 hours. The methanol 
solution was poured into ether, washed with water, dried over Na^SO^, and 
after thorough dr 3 'ing, weighed 57.3 gm. 10 gm. were removed for other 
purposes and the remainder dissolved in 200 ml. of benzene. In order to 
study the extent to which the 3'acetox>^ group had been hydrolyzed, the 
benzene solution was dmded into two equal portions. One was chromato- 
graphed over 00 gra. of AhOa uith 800 ml. of benzene-petroleum ether, 
2:1, mixture. 20 gm. of eluate were obtained which failed to crystallize 
even after inoculation with methyl 3(a)-acetox>'-ll(a)-bromo-12-keto- 
cholanate or with methyl 3(a)-acetoxy-ll(j3)-bromo-12-ketocholanate. 

Methyl 3{a)’Ac€toxy-ll{ayhromo-l£-ketocholanaie — ^The other portion 
of the benzene solution (100 ml. = 23.7 gm.) was added to 50 ml. of acetic 
acid contahiing 5 ml. of 1.13 m anhydrous HCIO 4 in acetic acid. The 
solution was chilled in an ice bath and 30 nd. of acetic anhydride were 
added.* The solution was removed from the ice bath and allowed to stand 
for 30 minutes. It was then cooled again and the excess acetic anhydride 
hydrolyzed by the cautious addition of water. The solution was poured 
into ether and the ether extracted with Na^COj solution and with water. 
After removal of the ether, the residue 'was thoroughly dried and chro- 
matographed over 80 gm. of Aij 03 with 700 ml. of benzene-petroleum ether, 
1 : 1 . 20 gm. were eluted with this solvent mixture. 3.5 gm. were eluted 
with 300 ml. of ether-methanol, 4:1. This latter 'was a dark oil which 
failed to crystallize. The first eluate was dissolved in methanol and 
on inoculation with methyl 3(o:)-acetoxy-ll(af)-bromo-12-ketocholanate 
crystallized immediately. 15.55 gm. were obtained. The product 
softened from 124-147® and formed a clear melt at 153°. Tliree reciys- 
tallizations from methanol gave clusters of long prisms with a constant 
melting point of 1C3.5-1G5.5®; [or]” = +44® (absolute ethanol), 

Cj 7 H 4 iOiBr. Calculated, C 61.70, H 7.87, Br 15.21; found, C 61.80, H 7.97, Br 15.44 

A mixture ivith methyl 3(cif)-acetoxy-ll(/S)-brpmo-12-ketocholanate (8) 
(m.p. 162-163°) melted at 138-142®. 

Methyl 3(ayAc€toxy-ll(fiybro7no-l£-k€iocholanaie — The mother liquors 
from the ll(or)-bromo keto ester upon concentration yielded feathery 
needles melting unsharply at about 125®. After repeated recrystallization 
from ethanol and from ethyl acetate-petroleum ether, a compound melting 
at 160-162® was obtained. This gave no depression when admixed with 
an authentic specimen of methyi 3(a)-acetoxy-ll(/3)-bromo-l2-keto- 
cholanate prepared from the epoxide of A**-lithocholenic acid. The 
yield of this epimer w'as small. 

-SeUweuk, K., and Whitman, B., personal communication. 
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Hydrolysis of Methyl 3{ayAceioxy-ll{otyhromo42-'kctocholanate — ^200 mg. 
samples of the a-bromo keto ester were dissolved in 15 ml. of ethanol and 
5.0 ml. of 2.0 N aqueous KOH added. The solutions were stored at room 
temperature (between 27-30°) and titrated vdth 0.1 N H2SO4 at intervals. 
After 6, 21§, and 48 hours, 76.8, 92.5, and 94 per cent of the calculated 
amount of base (3 equivalents) were consumed. 17.09 gm, of ll(a)“bromo 
keto ester were dissolved in 850 ml. of ethanol, 280 ml. of 2.0 n KOH were 
added, and the mixture stood for 48 hours at room temperature (28-30°). 
The alkaline solution was chilled and acidified under ether. The ether 
extract was washed with water and dried over Na 2 S 04 and the ether 
distilled. The residue was dissolved in 100 ml. of absolute ethanol and 
chilled to 0°, and 6.0 ml. of 5.0 n aqueous KOH added. The insoluble 
potassium salt was filtered and washed -with ice-cold water. It weighed 
10.7 gm. or 75 per cent of theory. The potassium salt melted at 217-220° 
after one recrystallization from water; \a]l^ = +90° (0.36 per cent in 
absolute ethanol). The sodium salt prepared in similar fashion after two 
recrystallizations from diltite ethanol melted at 195-197°; [a]^ = +98° 
(0.50 per cent in absolute ethanol). 

Hydrazone of 3{a) ^llij^yDihydroxy-lB-keiocholanhydrazide — Since the 
hydrazone of the sodium salt of 3(a),ll(i8)-dihydi'ox3^-12-ketocholanic acid 
was unsatisfactory for analysis, the hydrazone of the hydrazide was pre- 
pared. Methyl 3(a),ll(/3)-dihydroxy-12-ketochoIanate was heated with 
excess hydrazine hydrate in absolute ethanol for 1 hour. The reaction 
product crystallized from the hot solution and was recrystallized from 
ethanol. Fine needles melting at 229-232° were obtained, v'hich similarly 
gave an unsatisfactory'' analy^'sis. 

CsiHijOaNi’HjO. Calculated, N 12.38; found, 11.97 

Wolff-Kishner Redxiciion of S{a) ^ll{^yDihydroxy-12~keiocholanic Acid — 
25 gm. of the sodium salt of 3(a:),ll(^)-dihydroxy-12-ketocholanic acid 
were dissolved in 350 ml. of absolute ethanol under a reflux and 20 ml. of 
hydrazine hydrate added. Heating was continued for 30 minutes and 
then about half the alcohol was removed by distillation. A heavy mass 
of crystals formed which were removed by filtration and combined ^vith a 
second, crop obtained by further concentration of the mother liquors. 
Weight, 20.8 gm. A third crop weighed 1.30 gm. The mother liquors 
were not further investigated. The yield was 87 per cent of theory. The 
compound is extremely hygroscopic and gave an unsatisfactory analysis. 
The hydrazone was reduced with sodium ethylate at 200° in a sealed tube 
in the presence of hydrazine hydrate. The products proved to be a similar 
mixture to that described in Paper III (1) and were separated in the follow- 
ine manner. 
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The contents of the bomb tube were rinsed into a flask and neutralized 
with HCl, and the concentration of alcohol and water adjusted so that, 
for each 4 gm. of hydrazone reduced, the product was dissolved in 100 ml. 
of hot ethanol and 200 ml. of water. This solution was heated to boiling 
and 100 ml. of hot 0.3 x Ba(OH)2 were added with stirring. The flask 
was stoppered and allowed to stand overnight. The insoluble barium 
salt was filtered and dried. In several experiments this weighed about 
53 to 55 per cent of the weight of the hydrazone which had been reduced. 

Methyl ,ll{ayDthydToxychdlanaic — The filtrate from the barium 

salt was acidified and the acid isolated bj" extraction with ether in the usual 
manner. This was dried and esterified with methanol and concentrated 
H:S04 at room temperature. The ester was crystallized from benzene- 
petroleum ether and a crop of large prisms formed which melted at 125- 
127° and gave no depression with an authentic specimen of methyl 3 (ce),- 
11 (a) -dihydroxy cholanate. The yield obtained in several experiments 
corresponded to from 20 to 30 per cent of theory'. The product is slightly 
impure and is most conveniently purified as the methyl ester diacetate. 

Methyl 3{a) j 11(a) ,l£(fiyTriac€toocychoIanate (9) — The mother liquors 
from methyl 3(a),ll(a)-dihydroxycholanate either fail to yield further 
crystalline material or deposit oily cn^stals difficult to separate. Several 
batches of these mother liquors were combined (weight, 34,0 gm.) and 
acetylated with acetic anhydride and HCIO4 as catal^’st. Cn^stallization 
from methanol yielded 1.4 gm. of a product melting at 160-173°. Recrys- 
tallization from ethyl acetate gave 800 mg. of a compoimd melting at 
187-189°, which was identical with methyl 3(a),ll(a),12(/5)-triacetoxy- 
cholanate described in Paper (9). In the further purification of the 
oily residues 1.2 gm. of the same product were obtained. 

Methyl S(a) ^11 (a)-Diacetoxy cholanate — ^The oily esters after crystal- 
lization of methyl 3(a),ll(of),12(/S)-triacetoxycholanate were chroma- 
tographed several times on aluminum oxide. From the early eluates 1.17 
gm. of methyl acetoxylithocholate and 600 mg. of method acetoxj^-A^ 
iithocholenate (identified by melting point and titration with bromine) 
were isolated. The major proportion of the material (20.3 gm.) was 
eluted with petroleum ether, petrolemn ether-benzene mixtures, and ben- 
zene. From these fractions 10.16 gm. of methyl 3(a),ll(ff)-diacetoxy- 
cholanate (m.p. 116-118°) were obtained. 

Methyl 3(a) , 11(a) jlS(a)-Triac€ioxy cholanate (9) — 0.75 gm. of this 
product, m.p. 163-165°, was isolated from the benzene-ether, 1:3, eluates. 
Its constitution is discussed in Paper '\T[ (9). 

No other crystalline products were isolated from the soluble barium 
salts. 

Methyl 3 (a)- Acetoxy cholanate and Methyl 8(a)-Acetory-A'^-cholenafe — 
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22.9 gm. of insoluble barium salts Avere acidified and extracted ^rith ether. 
The acid fraction was esterified mth methanol and concentrated H 2 SO 4 at 
room temperature. The nieth 3 d esters were acetylated with acetic anhy- 
dride and HCIO 4 as a catal^^st and, upon crystallization from acetone, 
16.2 gm. of a product melting from 118-124® were obtained. This was 
separated by the procedure of Seebeck and Reiclistein fS). It was dis- 
solved in CHCI 3 and allowed to stand 24 houm at room temperature with 


Tabu: I 

Separation of Methyl Lithocholate and Methyl S {a) - Aceioxy -i 1 j 12-epoxy cholanatc 


Fraction 

No. 

Solvent* 

Ratio 

Weight 

eluted 

Description 




gm. 


1 

Benzene-petroleum ether 

1:19 

4.1G 

Meth}"! 3(a)-acctoxycho- 

2 

ti (1 

1:19 

0.49 

Innate, m.p. 134.5-135.5°, 
Md = -f47.G° (acetone) 

3 


1:19 

0.001 

Not investigated 

4 

a 11 

1:9 

0.003 

« tt 

5 


1:9 

0.005 

it it 

0 

tt ti 

1:4 

0.031 

tt tt 

7 

tt (t 

1:4 

0.026 

tt tt 

S 

Benzene 


0.033 

tt tt 

0 

ft 

1 ! 

0.052 

tt t( 

1 

10 

Benzene-ether 

1 

4:1 1 

1.13 

Methyl 3(a)-acctox3’-ll,12- 

11 

(1 

' 4:l 

0.34 

cpoxycholanatc, m.p. 137- 

12 

tt 

4:1 

0.19 

140°, [ah = +33° (toluene) 

13 

It 

1 

4:1 

0.10 

[«]d = +60° (acetone) 

14 

1 

3:1 

0.10 

Non -crystalline 

15 

1 tt 

1:3 

0.26 

it 

16 , 

tt 

1:3 

0.18 

it 

17 

Ether 


0.15 

tt 

18 1 

it 


0.03 

tt 


* All fractions were 500 nil. except Fraction 1 which was 1000 ml. 


400 ml. of 0.265 x perbenzoic acid in CHCb. Titration of aliquots showed 
that the mixture had reacted with 3.22 gm. of perbenzoic acid or 60 per 
cent of theor 3 '’ if .the material were meth 3 d 3(«)-acetox3’’-A“-cholenate. 

Upon standing for an additional 24 hours, no further uptake of per- 
benzoic acid occurred. The CHCI3 solution was washed with diluto 
Xa 2 C 03 solution and with water and distilled to dryness. The product 
was dried in a vacuum and dissolved in 500 ml. of benzcnc-])etrolcum 
ether mixture, 1:19. 250 ml. of this solution (8.04 gm.) were poured over 
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a column of 85 gm. of AUOj and the mixture separated according to the 
scheme sho^vn in Table I, 


DISCUSSION’ 

The purpose of this investigation was to de\Tse a method for the pro- 
duction of 3,11-dihydroxj'cholanic acid b}’ a simple procedure. This has 
been accomplished. The configuration of the product and the structure 
of the other compounds formed are significant in the interpretation of the 
mechanism and it is this phase of the investigation which we propose to 
discuss. 

In Paper II of this series (8) it was concluded that fission of the epoxide, 
methjd 3(a)-acetoxj"-ll ,12-epox>"cholanate, by organic or mineral acids 
led to the introduction of the anionic constitutent in the ^ configuration 
at C-11, while the proton reacted with the o.xygen atom after rupture of 
the epoxide ring to form a hydroxyl group ha^mg the a configuration at 
C-12. In the same investigation, methyl 3(ar)-acetox3'-ll05)-bromo-12- 
ketocholanate was prepared. If the configuration of this latter substance 
has been correctly assigned, it is clear that the diastereoisomer must have 
the 11(a) configuration. Consideration of the properties of the two 
epimers as discussed below indicates that the structures are correctly 
assigned and provides further evidence for the validitj^ of the conclusions 
previously drawn regarding the opening of the epoxide ring and the con- 
figuration of the C-12 hydroxyl group of desoxycholic acid. 

An inspection of molecular models demonstrates that a substituent at 
carbon atom 11 should be markedly hindered in one configuration and 
relatively unhindered in the alternative steric position. The hindered 
configuration is designated ^ according to the generally accepted system 
of nomenclature and is understood to mean a substituent ci$ with respect 
to the angle methyl groups C-18 and C-19. It could be anticipated, 
therefore, that the bromination of a 12-keto bile acid would lead to the 
formation of a hindered isomer in small amounts. This is in accord with 
the findings reported here and with the results of Seebeck and Reichstein 
(5) who also obtained ver>' small rields of this isomer. 

The lesults obtained when the two epimeric bromo keto esters are 
hydrolyzed with aqueous base are similarly consistent and in harmony 
with the modem conception of a displacement reaction invohing Walden 
inversion (10). WTien the ll(^) -bromo- 12-keto ester, in w’hich the halogen 
is in the hindered configuration, is hydroh’zed b}' aqueous alcoholic base 
at room temperature, the entering h 3 ’'droxyl group can readilj' approach 
the molecule at the stericalb’ unhindered face of carbon atom 11. Under 
these circumstances the halogen is then displaced and the hj’^droxyl group 
attaches to C-1 1 with inversion of configuretion so that the product should 
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be 3(a:),ll(Q:)-dihydroxy-'12-ketocholanic acid. The reaction with base 
was relatively rapid with tliis epimer,^ since 3 equivalents were consumed 
in less than 3 liours at room temperature. In contrast to this result, when 
the ll(a)'-bromo-12-kcto ester was hj^drob^’zed with the same concentration 
of alkali, the reaction w^as much slower and was incomplete even after 20 
hours. Since the displacement of halogen from this epimer takes place 
by the approach of the hydroxyl ion from the hindered side of carbon atom 
11, this replacement should proceed more slowly. 

It has been assumed in the preceding discussion that an inversion of 
configuration has occurred. This can be demonstrated with a considerable 
degree of certainty and without recourse to an investigation of the kinetics 
of the reaction. The product formed by acetolysis of methyl 3(o:)-acetoxy“ 
11,12-epoxycholanate is methyl 3(a:),ll(/3)-diacetoxy-12(a)-hydroxycho- 
lanate not only by analogy to the reaction of the epoxide with hydrobromic 
acid but also because the 11-acetoxy group exhibits such marked resistance 
to hydrolysis Avith base. When the hydroxyl group at C-12 is oxidized to a 
ketone, the product methyl 3(a),ll(/?)-diacetoxy-12-ketocholanate is 
readily hydrolyzed by alkali at room temperature. Since the saponifica- 
tion of an acetoxy group is unlikely to effect a change in configuration, the 
product of hydrolysis is 3(<x) ,ll(/3)-dih3’'droxy-12-ketocholanic acid. This 
substance forms an insoluble sodium or potassium salt and is thus readily 
identified. This same insoluble salt is formed when methyl 3(a)-acetoxy- 
ll(Q:)-bromo-12-ketocholanate is hydrolyzed by base at room temperature, 
so that the replacement of halogen b^’’ hydroxyl in this diastereoisomer is 
accomplished AAuth Walden inversion. Since the ll(/?)-bromo ester is 
h 3 ’'drolj"zed under the same conditions to a different dih 3 ^droxy keto acid 
(11) it is clear that inversion had occurred with both epimers. 

The two diastereoisomeric 3(a),ll-dih3’’droxy-12-ketochoIanic acids 
similarl}'' react in accordance w^th the configurations Avhich have been 
assigned. 3(a),ll(a')-Dihydroxy-12-ketocholanic acid forms a diacetoxy 
methyl ester Avhich is described in Paper V (11). In two experiments ^ve 
attempted unsuccessfully to prepare a diacetate of methyl 3(«),ll(/5)- 
dilydroxy-12-ketocholanate. Wliile no emphasis need be given to the 
negative result, it is important that the ll(a)-hydrox 3 d group is not subject 
to steric hindrance. This has previously been demonstrated by the forma- 
tion of a diacetato from the mcth 3 d ester of 3(a),ll(a)-dihydroxycliolanic 
acid. It is interesting to note that wliereas the ll(ff)-h 3 ’^drox 3 d is sterically 
unhindered and forms derivatives readily, the ketone group at this position 
is imrcactivc as has previously been noted for the cortical steroids. 

In Paper III (1) of this series the 3,11-dihydroxycholanic acid obtained 

* Gallagher, T. F., and Long, W. P., unpublished observations. Sec also Paper V 
of this series (11). 
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from the WolfT-Iushner reduction of methyl 3(a),ll()9)-diacetox5"-12- 
ketocholanate was assigned a configuration at CMl because of the ease of 
acetylation and the resistance of this h^’droxyl to dehydration bj' hj'dro- 
chloric acid. The same product was obtained in this investigation from 
the reduction of the unesterified h^’drazone. It is necessar}' therefore to 
account not only for the inversion of the hydrox^d group at C-11 but for 
the other products formed during reduction of the 12-ketone. It can be 
assumed that the hydrazone of 3(a),ll(/S)-dihydroxy-12-ketocholanic 
acid (I) is in equilibrium '\\'ith the 11(a) epimer (II) in the presence of base. 



21 


before reduction of the hydrazone to a methylene group. The equilibrium 
product undergoes reduction with the formation of two 3(a) ,11-dihydroxy- 
cholanic acids (III and epimeric at C-11. 

The formation of 3(a),ll(ct)-dihydroxycholanic acid from the reduction 
of an ll0?)-hydroxy-12-keto acid is understandable if an equilibrium of 
the hydrazones as outlined in the accompanying formulas is postulated. 
It is uncertain from our results Tvhether 3(a),ll(/3)-dihydroxj'cholanic 
acid (IV) is formed only as an intermediate or whether it is present in the 
final reaction mixture. We were unable to isolate the product but no 
emphasis should be placed upon this fact, since the products are difficult 
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to separate after the initial crystallization of methyh3(a) , U(<^)-dihydro\y- 
cholanic acid. It is certain, however, that if present, the 11 (jS) epimer 
constitutes a relatively minor fraction of the total product. 

We have shown that the 11(a) epimer is stable under the conditions of 
the reaction by comparing the yield of this product when the bomb tube 
was heated for 2 hours and for 8 houi’s at 200° with the same concentrations 
of sodium ethylate. No difference in the yield of either 3(a), 11(a)- 
dihydroxycholanic acid or the mixture of lithocholic (VI) and lithocholenic 
(V) acids whs found, u'ithin the limits of accurac}^ imposed by the technique 
of isolation; it is improbable therefore that any considerable amount of 
either lithocholic or lithocholenic acid resulted from dehydration of 3(a),- 
ll(a)-dilydroxycholanic acid after formation of tliis product. It 
possible, however, that the lithocholenic acid results from dehydration of a 
labile ll(/ 0 )-h 3 ^droxyl group under the influence of the hot sodium ethylate. 
This loss of water must occur after reduction of the hydrazone to a metlyl- 
ene group, since otherwise A®- ^lithocholenic acid should be the principal 
reaction product, provided there is no shift of the double bond. This 
latter possibility cannot readily be excluded, since Seebeck and Reichstein 
(5) obtained A“-lithocholenic acid as well as A^-^Mithocholenic acid from 
the Wolff-Kishner reduction of 3(a)-hydroxy-12-keto-A®'^^-cholenic acid 
even when the purest preparations Avere reduced. It is significant that 
A^'^Mithocholenic acid was either absent or present in small traces, as 
judged by the chromatogi'am of the oxides, following Wolff-Ivishner re- 
duction of 3(a),ll(/8)-dihydroxy-12-ketocholanic acid. It is probable 
nevertheless that in the mixture obtained by us there were present other 
unsaturated acids such as A®-^ or A®-*^ since the amount of perbenzoic 
acid consumed was greater than could be accounted for by the quantity" 
of methyl 3(a)-acetoxy-ll , 12-epox3Tholanate isolated. Furthermore the 
amount of perbenzoic acid consumed was in excess of 1 mole when allowance 
is made for the litliocholic acid obtained (57 per cent) and this finding is 
consistent with the possibilit}” that A®'^ Or A®*^* acids were present in the 
mixture, since these substances form dienic acids when treated with per- 
benzoic acid (12, 13). 

A portion of tlie lithocholic acid in the reaction product could be formed 
from unchanged 3(a)-h3'drox3"-12-ketocholanic acid present as a con- 
taminant in the hromination product and adsorbed on or precipitated with 
the insoluble sodium salt of 3(a),ll(d)-dihydrox3"-I2“ketocholanic acid. 
However, even when carcfulb' purified preparations of methyl 3(a),- 
ll(/3)-diaccto\3"-12-ketocholanatc were subjected to the Wolff-Kishner 
reaction, a smaller but significant amount of lithocholic acid was formed. 
It is possible that a certain amount of osazonc is formed in the reaction of 
the ketol with Imlrazine and that this product was directb' reduced to 
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lithocholic acid. This e.\planation is objectionable, since derivatives of 
Oil ketone groups are formed nitli difficulty although the activating 
influence of the hj'drazone at 012 may be of importance and effect the 
formation of an osazone to a limited extent. It is also possible that some 
lithocholic acid results from the reduction of A“-lithocholenic acid by the 
products of alkaline decomposition of the excess In'drazine present in the 
reaction mixture. On the basis of present evidence, it is impossible to 
decide the mechanism b}" which both oxygen atoms in Ring C are lost ndth 
the formation of a saturated derivative. 

It is likewise certain that AYolff-Kishner reduction of the ketol structure 
in Ring C leads to the foimation of 3,11,12-trihydroxy acids. These may 
be the result of an abnormal couree of the Wolff-ICishner reaction of the 
tj’pe investigated by Butcher and 'Winteisteiner (14). These authors, 
however, found that the reduction of a semicarbazone to a secondary^ 
alcohol appeared to be limited to C-3 in the steroid nucleus and could be 
prevented completely if the reduction were carried out in the presence of 
excess hydrazine. Since in our experiments the reduction was invariably 
conducted with excess hydrazine present, this explanation appears to be 
imlikely. It is, however, possible that conversion of the ll-hj"dro>y-12- 
keto bile acid to the hydrazone is incomplete, since, in the course of heating 
the alcoholic solution of the sodium salt with hydrazine hj^drate, a portion 
of the product may have been converted into Jhe acid of ^larker and Law- 
son (2). It is known (15) that this latter compound can form 3,11,12- 
trihydroxy acids imder the conditions of the WolfF-Kishner reaction and 
this fact is confirmed by investigations described in Paper Yl of this series 
(9). Since 3(a) ,ll03)-dihydrox3^-12-ketocholanic acid can be converted 
to the acid of Marker and Lawson hy heating with base, it Ls reasonable 
to assume that at least a portion of the sodium salt of 3(a),ll(^)-dihy- 
droxy-12-ketocholanic acid w’as so transformed in the manipulation of the 
compound before the hydrazone had been formed. This explanation 
would also account for the difficulty encountered in obtaining analj^icaUy 
pure samples of the hydrazone. If this hypothesis is correct, a significant 
improvement in the process could be achieved by preparation of the 
hj’^drazone under less drastic conditions. 

We wish to express our appreciation of the technical assistance of ^liss 
Joanna Xenos. 


SITMMARY 

1. A procedure for the conversion of desoxy cholic acid to 3,11-dihy- 
droxj’cholanic acid has been described. 

2. The process involves the bromination of metlyl 3(a)-acetoxy-12- 
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ketocholanate, hydrolysis of the mixture at room temperature with NaOH, 
and isolation of 3(a) , ll(/S)-dihydroxy-12-ketocholanic acid as the insoluble 
sodium salt. The latter substance forms a hydrazone which can be re- 
duced by the Wolff-ICishner method to a mixture of which 3(a), 11(a)- 
dihydroxycholanic acid, lithocholic acid, A^^-lithocholenic acid, and 3(a),- 
11,12-trihydroxycholanic acids are the principal constituents. 

3. The configuration of substituents at C-11 of the steroid nucleus has 
been discussed. 
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PARTIAL SYNTHESIS OF COMPOOKDS RELATED TO ADRENAL 
CORTICiU. HORAIONES 

V. PREPAILVTIOX OF 3(a),ll(a).DIHyDHOXY.12-KETOCnOLAXIC ACID 
AXD TUB PRODUCTS OBTAINED BA' ^VOLFF«KISHXER REDUCTION* 

By T. F. GALLAGHER and VINCENT P. HOLLVNDERt 

{From the DtparlmaU of Biochcmif^tnj of the UnivcrsHtj of Chicago, Chicago) 
(Received for publication, September S, 1945) 

The introduction of an ox>'gen function at C-11 of the steroid nucleus 
as the first stage in the partial synthesis of adrenal cortical hormones has 
been the subject of investigation in this and other laboratories for some 
time. It had been shoum that 3 (or), 11 (3) *dihydroxy-12-ketocholamc 
add could be successfully reduced to a 3,11-dihydroxycholanic acid (1, 2) 
by the VTolft-Iushncr method and it was therefore desirable to determine 
whether the diastereoisomer, 3(a) ,ll(a)«dihydroxj"-12-ketocholatdc acid, 
would behave in similar fashion. The latter substance was prepared by 
low temperature alkaline hj'droh'sis of methyl 3(a)-acetoxy-ll(i8)-bromo- 
12-ketocholanate (1) in crystalline form and in good yield. The product 
proved capable of forming ketonic derivatives and upon reduction by the 
Wolff-Eashner method formed 3(a) ,ll(a)-dih3"droxycholanic acid and 
A^Mithocholenic acid as the principal products. The reaction was there- 
fore similar to the reduction of 3(a),ll(i8)-dihj"droxy-12-ketocholanic acid 
previously studied by Gallagher and Long (1). 

Neither the 3(a),ll(a)-dih3’'drox3"-12-ketocholanic acid described in 
this report nor the 3(a),ll(j8)-dihydroxy-12-ketocholatiic acid described 
by Long and Gallagher (2) is identical '^'ith the compound prepared by 
Marker and Lawson (3) and formulated by these authors as 3(a) ,11-dihy- 
drox>"-12-ketocholanic acid. It is apparent that the structure of the latter 
product must be revised; this problem is dealt with in Paper VI (4). 

ESPERIMENTAX^ 

S{a)41{ayDihydroxy-124:eiocholan{c Acid — 1.004 gm. of methyl 3(a)- 
acetoxy-ll(j3)-bromo-12-ketocholanate, obtained from methjd 3(a)-ace- 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

t This paper represents a portion of a thesis submitted by Vincent P. Hollander to 
the Division of Biological Sciences of the University of Chicago, in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 

^ All melting points are corrected. The micro analyses were performed by Mr. 
John De Lucia (J. De L.), New York, and Professor A. J. Haagen-Smit (A. J. H.-S.), 
California Institute of Technology. IVe wish to express our appreciation for this 
service. 
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toxy-ll,12-epoxycholanate by treatment with hydrobromic acid and 
subsequent oxidation with CrOa, Avere dissolved in 100 ml. of ethanol, 
25.0 ml. of 4.2 n NaOH were added, and the solution w^as allowed to stand 
at room temperature for 3 hours. The product was acidified and exi^racted 
thoroughly vnih ether. The ether solution was washed Anth Avater, dried 
Avith Na2S04, and evaporated to dryness. The product after tAA^o re- 
crystallizations from ethyl acetate melted at 197“199°; [a] ^ = +65.6® 
(absolute ethanol). A mixture Avith an authentic specimen of the Marker 
and Lawson acid (m.p. 205®, obtained by vigorous alkaline hydrolysis 
of methyl 3(a)-acetoxy-ll(/3)-bromo-12-ketocholanate) (5) melted at 177®. 

Cz^HsgOt. Calculated, C 70.90, II 9.42; found (J. Dc L.), C 70.92, H 9.42 

Oxime of 3{cl) ,ll{a)-Dihydroxy-12-ketocholanic Acid — 226 mg. of 3(a),- 
ll(a)-dihydroxy-12-ketocholanic acid Avere heated under a reflux AA’ith 500 
mg. of hydroxylamine hj^'drochloride and 1 gm. of sodium acetate tri- 
hydrate in 10 ml. of ethanol for 2^ hours. The reaction mixture was 
diluted AAuth Avater and extracted Avith ethyl acetate. The ethyl acetate 
Avas Avashed Avith AA^ater and evaporated to dryness. The product crys- 
tallized from ethyl acetate-petroleum ether as fine needles and after three 
recrystallizations melted at 185-188® Avith decomposition. 

CsiHjyOsN. Calculated. C 6S.37, II 9.32, N 3.32 

Found (J. De L,). ” 68.25, “ 9.29, “ 3.24 

Methyl 3(a) ,ll{ayDiacetoxy-12-keiocholanatc — 621 mg. of 3(a), 11(a)- 
dihydroxy-1 2-ketocholanic acid AA^ere dissolved in 10 ml. of methanol and 
esterified Avith diazomethane. As the ester failed to crystallize, the oily 
product Avas dissolved in 5 ml. of glacial acetic acid and acetylated" by the 
addition of 5 ml. of acetic anh 3 "dride in the presence of 0.5 ml. of 70 per cent 
HCIO^. The solution A\^as chilled in an ice bath and diluted Avith water, 
and the ester Avas extracted Avith ether. Upon recrystallization from ace- 
tone-90-100® petroleum ether the compound formed long, silky needles. 
After tAvo recrystallizations from the same solvent the product melted at 
153-154°; [a] = +38° (absolute ethanol). 

CsJIuOt. Calculated, C 69 02, II 8.79; found (J. Do D.), C 68.91, H 8.81 

Wolff-Kishner Reduction of 3(a) ill(a)-Dihydroxy-12-kciocholanic Acid — 
6.880 gm. of 3(a),ll(a)-dih3’'di‘oxy-12-ketocholanic acid Avere dissolved in 
5 ml. of absolute ethaiiol and heated under a reflux for 3 hours A\dth* 1.0 ml. 
of liA'drazine hj’'drate. The alcohol aa’os partially removed under diminished 
pressure, and the residue dried and transfen-ed to a glass tube Avith 5.0 ml. of 
absolute ethanol. 25.0 ml. of sodium ethylate, prepared from 2.36 gra. of 

*Scluvenk, E., and Whitman, B., personal communication. 
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sodium, and 0.25 ml. of hydrazine hydrate were added, and the glass tube 
inserted in a steel bomb and heated at 200° for 90 minutes. The reaction 
mixture was neutralized and the product separated into soluble and in- 
soluble barium salts by the procedure of Gallagher and Long (1). 

Methyl 3{a) J 1 {a)-DihydroxycholaTiaie — ^The soluble barium salt was 
acidified and extracted, ^vith ether. 3.698 gm. of acids were obtained, 
which were esterified uith diazomethane and crystallized from ethyl ace- 
tate-petroleum ether. 1.077 gm. melting at 93-116° were obtained, which 
upon recrj'stallization from the same solvents melted at 133-134°; [cejo = 
4-21.7° (95 per cent ethanol). There was no depression of the melting 
point upon admixture \vith an authentic specimen of methyl 3 (or), 11(a)- 
dihydroxycholanate. 

CzsHnOi. Calculated, C 73.84, R 10.41; found (J. De L.), C 73.53, H 10.73 

The product was further characterized by conversion to the diacetate 
which melted at 116-118° and gave no depression when mixed with an 
authentic sample of meth3’l 3(a),ll(a)-diacetox3'cholanate. 

The non-crystalline residue (2.62 gm.) was acetjdated and chromato- 
graphed twice on Al-Oa. 1.413 gm. of crystalline product melting at 112- 
116° were obtained, which showed no depression of melting point when 
admixed ndth an authentic specimen of method 3(a),ll(a)-<iiacetoxj'- 
cholanate. The total jdeld of 3 (a), 1 1(a) -dihydroxy cholanic acid cor- 
responds to 32.6 per cent of theo^J^ 

For the purpose of estimating the amount of 3,11, 12-trih3'droxy cholanic 
acids present in the mixture, advantage was taken of the specific action of 
lead tetraacetate upon vicinal hydroxyl groups. The dialdeh^-de produced 
from the oxidation of the ll,12-gl3"Col was then further oxidized with 
CrOj after protection of the intact h3"drox3d at C-3 b3" acefy'Iation and the 
amount of acidic product taken as a rough measure of the 3,11,12-tri- 
hydr oxycholamc acid present in the mixture . The non-crystalline residues 
from the meth34 3(a) , 11(a) -diacetox3’cholanate were combined, saponified 
completel3% and the acid converted to the methy^l ester. The oih- product 
was dissolved in glacial acetic acid and oxidized with lead tetraacetate at 
room temperature. The reaction consumed approximatel3" 3 equivalents 
after 72 hours. The reaction product was extracted with ether, dried, and 
acet34ated with acetic anh3"dride with 0.2 ml. of HCIO4 as a catal3"st. The 
acet34ated product was oxidized with CrOj in glacial acetic acid overnight 
at room temperature. The neutral fraction was then isolated hy extraction 
ndth ether and washing uith dilute base and nith water. 

The amorphous neutral i*esidue obtained from 1.15 gm. of acet3'lated 
oxidation product weighed 463 mg. and was chromatographed on alumina. 
73 mg. of meth34 3(a),ll(a)-diacetox3'cholanate (m.p. 114-116°, no depres- 
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sion on admixture with an authentic sample) were obtained. The re- 
mainder of the material was oily and could not be crj^stallized. A control 
experiment in which the acetylated product was oxidized ^^dth CrOs wth- 
out previous oxidation vnih lead tetraacetate gave an almost quantitative 
yield of neutral material. These results indicate that about 15 per cent of 
the soluble barium salt was 3,11, 12-trihydroxycholanic acid. 

Methyl 3{ayAcetoxtj-A^^-cholcnale and Methyl SiayAceloxtjcholanate — ^The 
insoluble barium salt weighed 2.42 gm. or 32 per cent of theory calculated 
as the salt of lithocholenic acid. This was acidified, and the acids isolated 
by extraction udth ether were esterified with diazomethane. Acetylation 
with acetic anhydride and p3n*idine yielded 2.15 gm. of crystalline product 
which was separated by the procedure of Seebeck and Reichstein (6). It 
was dissolved in chloroform and treated with a considerable molar excess of 


Table I 

Separation of Products from Insoluble Barium Salts 


Fraction 
No. (200 
ml. each) 

Solvent 

Ratio 

Weight of 
eluatc ' 

Description 

1 

Petroleum other 

i 

mg. 

115 

Cr 3 'stalline 

2 ! 

“ cther-benzenc 

5:1 

180 


3 

tt it 

1:1 

183 

<< 

4 

Benzene 


68 

Oily 

5 

Benzene-ether 

5:1 

1 45 

tt 

6 

Ether 

1 

' 44 

tt 


perbenzoic acid for 16 hours at room temperature. The consumption of 
perbenzoic acid was almost exactly the theoretical value calculated for 
methyl lithocholenate. 2,2 gm, of product w'ere obtained, 220 mg. were 
set aside and the remainder, upon crystallization from acetone and from 
petroleum ether, 3d elded 850 mg. of material melting at 144-145°; [ajo 
= +56.4° (acetone), +34.0° (toluene). This showed no depression of 
melting point on admixture with methyl 3(a)-acetoxy-ll,12-epoxycholan- 
ate. The mother liquors weighed 748 mg. and were ‘chromatographed on 
20 gm. of alumina. The fractions shorni in Table I were obtained. 

Fraction 1 after four recrystallizations from petroleum ether gave 18 
mg, of needles, m.p. 130-131°;.[aj]D = +47,4° (in 95 per cent ethanol). No 
depression of the melting point wtis observed on admixture with methyl 
3(a)-acetox3^cholanate. 

Calculated, C 74.95. H 10.25; found (A. J. H.-S.), C 75.60, H 10.24 
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Fractions 2 and 3 were combined and after two recr^'stallkations from 
petroleum ether 60 mg. of product melting at 142-144®, [a]^ = +52.2® 
(acetic acid), were obtained. This compoimd did not depress the melting 
point of an authentic sample of methyl 3(a)-acetoxy-ll,12-€poxycholanate 
upon adnuxture. Fractions 4, 5, and 6 proved difficult to purify and were 
discarded. 

The mother liquors from the re crystallization of Fractions 1, 2, and 3 
(270 mg.) were combined and again chromatographed on alumina. Despite 
careful search and three additional chromatographic separations no sub- 
stance other than small amounts of methyl 3(a)-acetoxycholanate and 
methyl 3(a)-acetox>^-ll,12-epox3’cholanate were obtained. 

DISCUSSION 

From these experiments and the work of Gallagher and Long (1) it would 
appear that the configuration of the ll-hj^droxyl group in an ll-hydroxy- 
12-ketosteroid is without influence on the course of the reduction of the 
carbon}^ group to a methylene group by the Wolff-Kishner method. The 
same products, i.e. 3(a),ll(a}-dihydroxycholanic acid, 3 (a) -hydroxy- 
/i'^-cholemc acid, small amounts of hthocholic add, and 3 , 11 ,12-trihydroxy- 
cholanic acids, are obtained from both the 11 (or)- and ll(/3)-hydroxy-12- 
ketocholanic adds. These results substantiate the view that in the course 
of the Wolff-Kishner reduction at least partial inversion at C-11 invariably 
occurs in that both diastereoisomeis yield the same products. Subsequent 
to the reduction of the 12-ketonic group, the hydroxyl in the /3 configura- 
tion at C-11 is eliminated \rith the introduction of a double bond from C-11 
to C-12, Avhereas the ll(a)-hydrox 3 d group is stable under the experimental 
conditions. The small amounts of lithocholic acid consistently obtained 
in the reaction products may be due to reduction of the A^-lithocholenic 
acid by the products of alkaline decomposition of hj'drazine. 

The findings recorded here would appear to make xinnecessary the sepa- 
ration of the insoluble soffium salt of 3(a),ll(/3)-<lihydroxycholanic acid 
in the procedure of Gallagher and Long (1) for the introduction of the 11- 
hydroxjd group in the steroid nucleus, since both epimers at C-11 yield the 
same products. It may be found, however, that despite the slightly higher 
yield of 3(a),ll(a)-dihydroxycholamcacid from3(a),ll(a)-dihydroxy-12- 
ketocholanic acid the accumulation of side products from the bromin- 
ation of the 12-ketone may make the separation of the desired product 
more difficult. 

It is likewise apparent from these experiments that 3(a),ll(a)-dihy- 
droxy-12-ketocholanic acid is in part converted to 3,11,12-trihydroxy- 
cholanic acids in the Wolff-Kishner reduction, since there was a noticeable 
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reaction with lead tetraacetate in the products remaining after isolation of 
the major portion of 3(q:) , ll(a)-dihydroxycholanic acid. These trihydroxy 
acids are consistently found as products of the Wolff-Kishner reduction of 
both diastereoisomeric 3(a:),ll-dihydroxy-12-ketocholanic acids despite 
the presence of excess hydrazine in the reaction mixture. Their formation 
has been discussed in Paper IV (1) of this series. Since the principal ob- 
ject of this investigation was the configuration of the 3,11-dihydroxy- 
cholanic acid formed in the Wolff-Kishner reaction, these side products 
were not further investigated. 


SUMMARY 

1. 3(a) ,11 (a) -Dihydroxy cholanic acid was obtained by Wolff-Kishner 
reduction of 3(a),ll(a)-dihydrox3’'-12-ketocholanic acid. 

2. Lithocholic and A^^-lithocholenic acids were likewise isolated from the 
products of reaction. 

3. The presence of 3,ll,12-trih3"droxycholanic acids in the reaction 
products was indicated by oxidation Avith lead tetraacetate. 

4. The Wolff-Kishner reduction of .3(a) , ll(a)-dihydroxy-12-ketocholanic 
acid yields qualitatively the same products ns that of the 11 (/3) diastereoiso- 
mer. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 

VI. THE STRUCTURE OF THE “3(a),ll-DIHYDROXY42-KETOCHOLAXIC 
ACID” OF AIARKER AND LAWSON AND OF THE PRODUCTS OBTAINED 
BY “WOLFF-KISHNER REDUCTION”* 

Br T. F. GALLAGHER 

{From the Department of Biochemistry of the University of Chicago^ Chicago) 
(Received for publication, September 8, 1945) 

In 1938, ^larker and Lawson (1) prepared a compound to which they 
assigned the structure 3(a),ll“dihydroxy-'12-ketocholanic acid. Longwell 
and Wintersteiner (2) in 1940 found that this compound did not give the 
expected ketonic derivatives. Upon treatment with hj^drazine and sodium 
ethylate at 200° the compound yielded a product melting at 162-163° with 
the empirical formula C24H38O3 • ^HzO. This was regarded as resulting 
from the elimination of both oxygen atoms from Ring C. Subsequently, 
Marker, Shabica, Jones, Crooks, and Wittbecker (3) reinvestigated the 
reaction of the compound with hydrazine and sodium ethylate and isolated 
a substance melting at 136° with the empirical formula C2(Hio05. This 
product w'as assigned the structure 3 , 1 1 , 12-trihydroxycholanic acid and 
its formation was interpreted as invohing an abnormal Wolfi-Kishner 
reduction of the 13^)6 studied b3' Dutcher and Wintersteiner (4). 

Long and Gallagher (5) prepared 3(a),ll03)-dihydroxy-12-ketocholanic 
acid, w'hich differed from the Marker and Lawson acid in its ph3"sical 
properties and, in addition, readily formed ketenic derivatives. Later 
Gallagher and Hollander (6) described the epimer of this compound, viz. 
3(a),ll(tt)-dih3^dro\y-12‘ketocholanic acid, Avhich likewise differed from the 
acid of Alarker and LaAVSon both in its ph3’’sical properties and in its abilit3^ 
to form ketonic derivatives. A comparison of the acetylated meth3d esters 
of these two 3(a) ,ll>dih3’drox3^-12-ketQcliQlamc acids epimeric at G-ll 
with the corresponding derivative of the Marker and Lawson acid is pre- 
sented in Table I. From these data the conclusion can be drawm that the 
structure original^’’ assigned to their compound b3’’ Marker and Law’son 
was incorrect. 

In view of the following facts, it seems probable that the Marker and 
Lawson acid has the carbonyl group at C-11 rather than C-12: (1) Both 
3(a),lI-d.h3"droxy-12-ketocholanic acids epimeric at C-11 readil3" form 

* The work described in this paper was done under a contract, recommended b 3 ' 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the Universit}' of Chicago. 
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ketonic derivatives, whereas the compound of Marker and Lawson does 
not. (2) Both 3(a),lLdihyclro.\y-12-kctocliolanic acids epimeric at C-11 
yield 3(af),ll(«)-dilydroxycholanic acid among the products of Wolff- 
Kishner reduction, whereas this substance is not formed in appreciable 
amounts when the Marker and Lawson acid is subjected to the same treat- 
ment. (3) Since the properties of the two 3(a:),ll"dihydroxy-12-keto- 
cholanic acids are consistent with the configurations assigned, t.c. the ll(/5)“ 
hydroxy derivative is resistant to acetylation despite the activating influ- 
ence of the a-keto group, whereas the ll(a:)-hydroxy acid is readily acet- 
ylated, it can be safely assumed that no unexpected rearrangement has 
occurred in their preparation. On the other hand, the Marker and Law- 
son acid is prepared by vigorous alkaline hydrolysis of the ll-bromo-12-keto 
acid, under which conditions the maximum opportunity is offered for re- 


Tablb I 

Acctylalcd Esters of S(a) y 1 l-Dihtjdroxtj-lS-kelocholanatcs and of (he Marker and 

Lawsoji Actd 


Compound 

M.p 

Wd 

1 

Methyl 3(a),ll(Q:)-diaceto.\y-12-kctocholan- 

"C. 


ate* 

Methyl 3(a), ll(i3)-diacetoxy-12-ketocholan- 

153-154 

+38 

1 

1 

atct 

Methyl 3(of), ^(jSl-diacctoxy-ll-ketocholan- 

109-110 

! +124 

atet 

69 

+54.5 


* Data of Gallagher and Hollander (6). 
t Data of Long and Gallagher (5). 

X Data of Wintersteincr, Moore, and Reinhaidt (7). 


arrangement of the ketol structure. (4) Both ll-bromo-12-kcto acids are 
converted to the Marker and Lawson acid by heating with strong alkali. 
Since these two bromo keto acids yield different products when hydrolyzed 
by alkali at room temperature, it is most probable that a rearrangement 
has occurred with the Marker and Lawson acid. 

Since the ketone group must be either at C-11 or C-12 in Ring C, the re- 
arrangement product is almost certainly ll-keto-3, 12-dihydroxy cholanic 
acid. This conclusion is supported by the results obtained when the 
Marker and Lawson acid is heated with hydrazine and sodium ethylate 
at 200°. The principal products of the reaction are a mixture of 3,11,12- 
trihydroxycholanic acids together with smaller amounts of lithocholic 
and lithocholenic acids. It would thus appear that both Longwell and 
Wintersteincr (2) and Marker, Shabica, Jones, Crooks, and Wittbecker 
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(3) were partly correct concerning tbe substances isolated from the Wolff- 
IQsbner reduction. 

The work reported in this paper was undertaken before the structure 
of the Marker and Lawson acid was understood, and with the object of 
prepsuing a 3,11-dihydroxycholanic acid. Although this object was not 
realized, it was possible to characterize certain of the products obtained 
when the Marker and Lawson acid was heated with sodium ethylate at 
200° in the presence of excess hydrazine. Wintersteiner, Moore, and Rein- 
hardt (7) simultaneously attacked the same problem and the progress of 
the investigations in the two laboratories has been accompanied by a 
continuous exchange of results . It is a pleasure to acknowledge the friendly 
cooperation of the Sqmbb investigators. 

experihextal^ 

8{a) jl2(fiyDihydroxy-ll-ketccholamc Acid from Methyl 3{a)-Acetoxy-ll- 
(fi)^romo-lS-ketocholanate — ^3.00 gm. of methyl 3(a)-acetox}"-ll(/3)- 
bromo-12-ketocholanate were refluxed for 20 minutes with 25 ml, of 20 
per cent potassium hydroxide in methanol. The solution was diluted with 
water and poured slowly into cold dilute sulfuric arid. The precipitate 
was washed thoroughly with water, dried, and recrystallized from 95 per 
cent ethanol. A total of 1.67 gm. melting at 200° was obtained in three 
crops for a yield of 72 per cent of theory. Upon admixture with a speci- 
men of “3(a) ,ll-dihydroxy-12-ketocholanic arid” (m.p. 206°), kindly given 
to us by Dr. O. Wintersteiner, the melting point was 201-205°. The arid 
was converted to the methyl ester with diazomethane. After recrystalliza- 
tion from methanol the methyl ester melted sharply at 155-156° and gave 
no depression with an authentic sample. 

3{a) ^12(0)-Dihydroxy-ll'ketocholanic Acid from Methyl S(a)-Acetoxy- 
ll(aybro7no-l£-k€tocholanafe — 1.79 gm. of methyl 3Ca)-acetoxy-ll(a)- 
bromo-12-ketocholanate (m.p. 157-161°) were dissolved in 55 ml. of 20 per 
cent KOH in 90 per cent ethanol and heated imder a reflux for 1 hour. The 
product was isolated as in the previous experiment. 837 mg. melting at 
199-201° were obtained in the first two crops or a yield of 64 per cent of 
theory. The product gave no depression with an authentic sample. One 
recrystallization from ethyl acetate raised the melting point to 201-204°. 

3(a),1203)-Dihydroxy-ll-ketocholamc acid was also prepared by vigor- 
ous alkaline hydrolysis of 3(a) ,110)-dihydroxy-12-ketocholanic arid. 

TFolfl’-Atshner Reduction of 3(a) ,12(fi)-Dihydroxy-ll-ketocholanic Acid — 

All melting points are corrected. The micro analyses were performed by Dr. 
Joseph Alicino (J. A.), The Squibb Institute for Medical Research, New Brunswick, 
New Jersey, and Mr. John De Lucia (J. De L.), New York. I wish to express my 
appreciation for this service. 
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A mixture of G.O gm. of 3 (q:) ,12(/3)-dihydroxy-ll-ketocholanic acid and 
6.0 ml. of 100 per cent hydrazine hydrate was heated overnight at 100° in 
an open glass bomb tube, protected by a CaCb tube. A solution of sodium 
ethylate containing 4 gm. of sodium in 55 ml. of absolute ethanol was added, 
and the tube sealed and heated at 200° for 10} hours. The contents were 
rinsed into an excess of hydrochloric acid and the acids extracted with 
ether. The crude acids were esterified with diazomethane and the oily 
esters were dried in a vacuum oven at 50° for 14 hours. The esters were 
chromatographed over 100 gm. of aluminum oxide and separated into four 
fractions by successive elution with ether (Fraction 1), ether-ethyl ace- 
tate, 1:1 (Fraction 2), ethyl acetate (Fraction 3), and with methanol 
(Fraction 4). 

Methyl 3{ayiIydroxy-A^^-cholenalc {?) — Fraction 1 contained 1.44 gm. 
of solids >vhich crystallized readily from 90-100° petroleum ether and melted 
at 94-97°. The product gave no depression when mixed with an authentic 
specimen of methyl 3(a;)“)iydroxy-A^^-cholenate. The weight of crystalline 
material obtained from this crop was 925 mg. or 17.2 per cent of theory. 
For further characterization, the compound was acetylated in pyridine 
with acetic anhydride. The acetylated methyl ester melted at 121-124° 
and gave no depression when mixed with an authentic specimen of methyl 
3(a:)-acetoxy-A^^-cholenate. When mixed with meth 3 d 3 (a:)-acetox 3 'chol- 
anate (m.p. 135.5-137°), the melting point was 124-128°. 

Fraction 2, eluted from the column Avith ether-ethyl acetate, 1:1, con- 
tained 1.40 gm. of solids and failed to ciystallize. It Avas therefore dis- 
solved in ether and rechromatographed over 20 gm. of aluminum oxide. 

The column Avas eluted AAuth ether (500 ml.), Avith ether-ethyl acetate, 
1:1 (600 ml.), and Avith ethyl acetate (500 ml.). From the ether eluate, 
580 mg. of semiciystalline solids Avere obtained. These Avere combined 
AAuth the non-ciystalline residues from Fraction 1 (450 mg.) and acetylated 
by heating Anth pyridine and acetic anhydride. 034 mg. (10 per cent of 
theory) of crystals melting at 117-120° Avere obtained, AA'hich shoAved no 
depression AA’hen mixed A\dth methyl 3(a)-acetox3''-Ai‘-cholenate. The total 
yield Avas 27 per cent of theoiy. In all probability, this product is a mix- 
ture of A^Mithocholcnic acid and lithocholic acid, since the melting point 
of the acet 3 datcd methyl ester is slightly higher than that of the purest 
sample of authentic methyl 3(a!)-acetoxy-A^^-cholenate (118-120°). The 
reduction of 3(q:) , ll(j3)-dihydroxy-12-ketocholanic acid (8) and 3(a) , 11(a)- 
dihydroxy-12-kctocholanic acid (6) 3 delded these same tAvo substances 
AA^hich form mixed cr3’'stals (9). 

The ether-ethyl acetate eluates and the ethyl acetate eluates proved 
impossible to cr 3 ^stallize and Avere not further investigated. 

S{(x)ill{ct)yl2{ayTrihydroxycholanic Acid — ^Fraction 3 contained 858 
mg. and failed to crystallize readily. It Avas saponified Avith n NaOH 
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at room temperature and the acids isolated by acidification and thorough 
vrashing vrith ^vater. The crude acids ^Yere crystallized from ethjd acetate 
and a product which melted at 131® was obtained. After two recrj'stalU- 
zations from the same solvent, it melted at 173-175° with preliminarj' soft- 
ening at 145-165°; [afo == +31° (absolute ethanol). 

a.*H*oOi. Calrulatecl, C 70.55, H 9.S7; fouiul (J. A,), C 70.2S, H 9.S4 

Fraction 4, obtained from the column with methanol, weighed 2.14 gm. 
and did not crystallize readily. It was saponified with x NaOH at room 
temperature and the acids isohated hy precipitation with acid. These 
were w’ashed, dried, and reciw'stallized from ethyl acetate. The product 
from the first ciy^stallization weighed 524 mg. and melted at 133° with 
bubbling. After four recjy’stallizations from ethyl acetate, the air-dried 
product melted at 135-140° with bubbles. After G hours drjing at 100° 
in a good vacuum the compound melted at 170-172° with preliminaiy' 
sintering at 140°; [ct] ^ = +27° (absolute ethanol). The compound was 
either a h 3 'dratc of 3(a) , 1 1(a) , 12(a)-trih3'drox3"cholanic acid or was slighth' 
impure, because w'hen mixed with the acid obtained from Fraction 3 there 
was a slight depression of the melting point to 168-172°. 

jlTelliJ/l 5(a) ,/i(a) ,fS(a)-rriace/oxi/c/ioZanafe — 116 mg. of 3(a), 11(a),- 
12 (a)-trihydrox 3 Tholanic acid were esterified with diazomethane and the 
product acetylated b 3 ^ heating for 2 hours with acetic anhydride and p 3 Ti- 
dine. The ester w’as Isolated in the usual manner, freed from traces of 
colored impurity by passage over alununum oxide, and cr3*staliized from 
dilute methanol. After one recr 3 ‘stallization from this solvent and one 
reciystallization from 90-100° petroleum ether the compound melted at 
163.5-165°; (afj == +33° (chloroform). 

CstH^sOs. Calculated, C G7.85, H 8.82; found (J. A.), C 67.81, H S.72 

Methyl S(a) Jlitx) jl2(fiyTriacetoxycholanaie — ^The non-crystalline resi- 
due from Fractions 3 and 4 wrexe combined and esterified with diazo- 
methane. The esters w'ere acet 3 iated with acetic anhydride and p\Tidme 
by heating under a reflmc for 14 hours, and the reaction product diluted 
with w’ater and extracted with ether. After removal of the ether, the 
residue cr 3 ’stalh 2 ed from eth 3 i acetate. 200 mg. of a product melting at 
181-185° w’ere obtained in the first crop. After tw'o reciystallizations from 
90-100° petroleum ether it formed long needles melting at 188-189.5°; [a^ 
== +54° (chloroform). 

Calculated, C G7.Sf», U S.S2; found (J. A.), C 67.GS, H S.SO 

The mother liquor from the fii*st crop 3 ielded 745 mg. of cr 3 'stals from 
0-100° petroleum ether. These softened from 119-149° and gave a 
clear melt at 161°. Fractional cr 3 "stallization from i}etroleum ether \ielded 
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125 mg. of triacetate methyl ester melting at 188-189.5° and 389 mg. 
of a compound melting at 150-153°. Two recrystallizations of 
the latter from dilute methanol gave a product which melted sharply at 
163.5-165°, Wd* = +33° (chloroform), and showed no depression when 
mixed with methyl 3(a) , 11(a) , 12(a)-triaceto.xycholanate. 

S(a) , 11(a) ,lS(fi)~Trihydroxycholanic Acid — ^226 mg. of methyl 3(a),- 
11(a) ,12(/3)-triacetoxycholanate were dissolved in 2.5 ml. of methanol, 
2.5 ml. of 2.93 N KOH added, and the mixture heated under a reflux for 
3 hours. 1.727 milliequivalents of alkali were consumed; calculated for 
C31H4BO8 (4 equivalents), 1.648 ml. The acid, isolated by acidification and 
extraction wdth ether, crystallized from ethyl acetate in needles ■which after 
two recrystallizations from the same solvent melted at 164-166°; [a]f = 
+45° (absolute ethanol). 

Cj.H^oOs. Calculated, C 70.55, H 9.87; found (J. De L.), C 70.47, H 9.76 

S(a) ,ll(fi) ,12(a)-TrihydroxycholaniG Acid — In a second axperiment 
in wWch 1.55 gm. of 3(a),12(a)-dihydroxy-ll-ketocholaniG acid were 
reduced with hydrazine and sodium ethylate, the three acids aheady 
described tvere obtained in similar yields bj’’ essentially the same proce- 
dures. In addition, however. Fractions 2 and 3 eluted respectively from 
aluminum oxide wdth ethyl acetate-ether, 1:1, and ethyl acetate upon 
saponification yielded an acid which crystallized in prisms from ethyl 
acetate. The product melted at 140° and foamed at 165-170°. After 
three recrystallizations from ethyl acetate the air-dried product melted 
at 138° and formed bubbles at 143-145°. After 6 hours drying at 90° in 
a high vacuum, it sintered weakly at 139-140° and melted at 147-149° 
Avith some indication of bubbling; [alo® = +54° (absolute ethanol). 

C. 4 H 4 oOii. Calculated, C 69.94, H 9.90; found (J. A.), C 69.85, H 9.63 

The amount of material obtained was too small for further characterization. 

Methyl S(a) ,11(0) ,12(a)-Triacetoxycholanate- — 1.675 gm. of 3(a), 12(a)- 
dihydroxy-ll((3)-acetox3'-cholanic acid, prepared by the method of Long 
and Gallagher (5), were esterified ttith diazomethane and heated under a 
reflux for 2 hours with 3.5 ml. of acetic anhydride in 20 ml. of pyridine. 
The estertvas isolated in the usual manner and crystallized from petroleum 
ether. 1.62 gm. were obtained, melting at 123-124°. The product was 
freed from a small amount of colored material by passage through a short 
column of aluminum oxide and after three recrystallizations large prisms 
■which melted at 129-130° were obtained; [a]|* = +51° (chloroform). 

CjiHuOj. Calculated, C G7.S6, H 8.S2; found (J. De L.), C 67.81, H 9.03 


» Prepared by Miss Evelyn Bergstrom. 
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S{a) fl2{a)-Trihydroxycholanic Actdr — 1.57 gm. of methyl 3(of),* 
ll05),12(ct)-triacetGX}"cholanate were hydrolyzed by boiling for 4 hours 
under a reflux with 30 ml. of methanol and 75 ml. of 2 x XaOH. The 
solution was acidified and extracted with ether. The acid crystallized 
from ethyl acetate as prisms which softened at 121® and melted with bubbles 
at 122-125®. Four recrystallizations from eth^d acetate j-ielded clusters of 
needles which on standing changed to prisms. These sintered slightb^ at 
129-130® and melted at 145-146° after thorough drying at 100° in a high 
vacuum; [a]!® = -f 54° (ethanol). 

niscussiox 

It is clear from the experimental results that the principal products 
obtained when the Marker and Lawson acid, 3(ot),12(^)'dihydroxy-ll~ 
ketocholanic acid, is heated with hydrazine and sodium ethylate are 3(a),- 
11 ,12-trihydroxy cholanic acids and smaller amounts of substances in w*hich 
both oxygen atoms in Ring C haA^e been eliminated. It is doubtful whether 
the reduction can be considered a Wolff-Kishner reaction of the abnormal 
type described by Dutcher and Wintersteiner (4), since the initial formation 
of a hydrazone has not been demonstrated. It is fax more likely that the 
trihydroxy acids are formed by the reducing action of hydrazine and its 
decomposition products in the alkaline solution. In order to account for 
the products in which oxygen is eliminated from Ring C it must be assumed 
that the ll-keto-12-h3^droxy acid is in equilibrium with an ll-h3’droxy-12- 
keto acid which can form a hydrazone ; subsequent reduction of this group 
results in a product unsatmrated in Ring C. This explanation would assume 
that a reaction analogous to that postulated Gallagher and Long (8) for 
the reduction of 3(a) ,ll(i3)-dihydroxy-12--ketocholanic add had taken 
place; t.e., that 3(a) ,11-dihydroxycholanic acid is formed as an intermedi- 
ate and that elimination of the 11 -hydroxyl group occurs as in the accom- 
panjdng partial formulations. In this work the monohydroxy acids were 
not separated from each other although they w'ere undoubtedly a mixture, 
as noted in the experimental section. Gallagher and Long (8) have shown 
that the products obtained from the Wolff-Kishner reduction of 3(a),- 
ll{^)-dihydroxy-12-ketocholanic acid were a mixture of A^^-lithocholenic 
acid and lithocholic acid in which A®'“-lithocholenic acid w’as either absent 
or present only in traces. Similar results were obtained by Gallagher and 
Hollander (6) in the reduction of 3(a),ll(a)-dihydroxy-12-ketocholanic 
acid. If the explanation of these authors is correct, a similar mixture, but 
in a smaller yield, is formed in this reaction. Likewise, some 3(a) , 11(a)- 
dihydroxycholanic acid should have been formed. Although it w'as not 
isolated from these experiments nor was it observed bj' Wintersteiner, 
Moore, and Reinhardt (7), it maj' have been present in small amounts and 



54G 


ADUKNAL COUTICAL HOiniOXKS. VI 


escaped isolation. It is certain, however, that it docs not constitute any 
considerable portion of the reaction product. 

The four possible 3,11 ,12-trihydro\ycholanic acids stereoisomeric at 
C-11 and C-12 have been isolated as a result of this investigation and that 
of Wintersteiner, Moore, and Reinhardt (7). They are described in Table 
II. The products which correspond most closely with the compound 
described by Marker, Shabica, Jones, Crooks, and Wittbecker (3) are 
either 3(a),ll(/3),12(a)-trihydroxycholanic acid (m.p. 145-147°; Wd 
= +54°) or the hydrate of 3(a), 11(a), 12(a)-trihydrox3’’cholanic acid 
(m.p., air-dried product, 135-140° with bubbles; Ho = +27°). Unfor- 
tunately the rotation was not recorded by these investigators. 
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The configuration of the four trihydroxycholanic acids can be ascertained 
only by consideration of both the results of this investigation and that of 
Wintersteiner, Moore, and Reinhardt (7). The latter authors have pro- 
vided evidence for the configuration of 3(«),ii(a),12(a:)-trihydrox3"- 
cholanic acid by the preparation of this compound from A^'-lithocholenic 
acid Avith osmium tetroxide. This result establishes the configuration of 
the tAVO hydroxyl groups in Ring C as either U(/3),12(/3) or 11(a), (12(«). 
Since these authors have shoAvn that the compound is completely acetylated 
and saponified quite readily, there can be little doubt that the C-11 hy- 
droxyl group is in the a configuration, since an ll(/3) -hydroxyl is not easily 
acetylated and has a A-ery marked tendency to be eliminated from the mole- 
cule. 
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The configuration of 3(a),ll(/3),12(a)-trihydro\ycholamc acid has been 
established through its preparation b}" acetol3"sis of the oxide of A“-litho- 
cholenic acid. The chemical behavior of the product and its derivatives 
described in Paper II (10) are in agreement vrith the configuration vrhich 
has been assigned. 

The two possible sti'uctures for the remaining two 3,ll,12-trihydrox>"- 
cholanic acids are 3(a) , 11(a) ,12(iS) and 3(a),llOS),12(^). A decision 
on the configuration of these two isomers can be made, since one of them 
forms a raethjd ester triacetate melting at 188“189.5°, The readj' in- 
troduction of an acetoxy group at C-11 is possible onl}^ if the hj’^droxyl 
group is in the a or unhindered configuration; z.c., iran^ to the angle methyl 
group at C-10, ^Moreover, Wintersteiner, Moore, and Reinhardt (7) 
have shown that method 3(a),ll(a),1203)-trih3"droxycholanate can be 
converted to a diacetoxy monohydroxy ester bj' acetylation with acetic 
anhydride and pyridine at room temperature. Oxidation of this deriva- 

Tablk II 


IsomcTic S{a) ,11 ,12-7 rihydroxijcholanic Acids 


Compound 

XLp, 

Wd 


•c. 


3(a), U(a), 12(a)-Tribydrov3’choIanic acid 

173-175 

4-31 

3(a),U(o),12(p)>Trih3''drox3'cholanic “ 

164-166 

+45 

3(a),110),i2(^>-Tribydro^3'cholaiisc “ * 

177 

+43 

3(a), 11 {^), 12(a) -Trihydroxi’cholanic “ 

145-147 

+54 


* Data of Wintersteiner, Moore, and Reinhardt (7). 

tive yielded methyl 3(a),ll(a)-diacetoxy'12-ketocholanate identical with 
the product obtained by Gallagher and Hollander (6), in Paper A’' of this 
series. There can therefore be little doubt that this compound has the 
a configuration at C-11, and since the possibiiit 3 ^ for an a configuration of 
the C-12 hydroxyl has already been excluded, it follows that the structure 
is 3(a),ll(a),12(0)4rih3^droxycholanic acid. 

The configuration of the remaining product which was not isolated in 
these experiments can be assigned by exclusion as 3 (a), 11 (/S), 1203)*- 
trih 3 "droxycholanic acid. The results of Wintersteiner, IMoore, and Rein- 
hardt (7) completely confirm this conclusion, since the product 3 delded 
only a diacetate methyl ester upon mild acet 3 "lation whereas it was de- 
stroyed hy vigorous treatment rsith acetic anh3'dride in p 3 Tidine. This is 
consistent ndth the labile character of the 1103)-hydrox3d group. The 
diacetoxy monohydroxy methyl ester, however, upon oxidation with CrOj 
was converted to the methyl ester diacetate of the Marker and Lawson acid. 
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This important result furnishes additional proof for the 11-keto structure 
assigned on tlie basis of our experiments and furthermore establishes the 
configuration of the C-12 hydroxyl group in the Marker and Lawson acid. 
This finding likewise confirms the assumption that the molecule has under- 
gone no extensive rearrangement. It can therefore be concluded that this 
fourth isomer has the structure 3(a),ll(/3),12(i8)-trihydroxycholanic acid 
and that the configuration of the Marker and Lawson acid is 3(a), 12(^)- 
dihydroxy-ll-ketocholanic acid. 

I am indebted to Miss Joanna Xenos for technical assistance and to Miss 
Evelyn Borgstrom for the preparation of two compounds, 

SUMMARY 

1. The *'3,ll-dihydroxy-12-ketocholanic acid’^ of Marker and Lawson 
is actually 3(a) , 12(/3)-dihydroxy-ll-ketocholamc acid. 

2. When heated with hydrazine and sodium ethylate at 200° this com- 
pound is converted in part to lithocholic and lithocholenic acids and in 
part to four diastereoisomeric 3, 11, 12-trihydroxy cholanic acids. Three 
of these acids were isolated in this investigation. 

3. Configurations have been assigned to the four 3,11,12-tiihydroxy- 
cholanic acids upon the basis of their reactions and their preparation by 
alternate methods. 
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PARTIAL SYNTHJSIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 

Vn. DEGRADATION OF THE SIDE CHAIN OF CHOLANIC ACID* 

By VINCENT P. HOLLANDERt akd T. F. GALLAGHER 

{From the DepaTiment of Biochemistry of the University of Chicago^ Chicago) 

(Received for publication, September 8, 1945) 

The stepwise degradation of the bile acid side chain by the Barbier- 
Wieland procedure is cumbersome, especially when large amotmts of 
material must be manipulated, and in the majority of instances the yields 
are far from satisfactory (1^). Removal of the side chain by oxidation in 
one step with CrOs, as in the fanuliar degradation of the cholesterol side 
chain (5), when applied to the bile acids yields very small amounts of etio 
acid. The neutral products of oxidation are difficult to separate and are 
likewise obtained in small yield (6).^ The work recorded here w'as begun 
as a model experiment in the hope that a procedure could be devised in 
which the side chain of the bile acids could be degraded by 2 carbon atoms 
without the necessity of using the Grignard reaction. Although this end 
w^as attained, the jield encountered in the final stages w’as unexpectedly 
poor and at the present time it would appear that the method is unsatis- 
factory for the removal of the side chain of the bile acids. At the comple- 
tion of this work a preliminary^ report of the experiments of Jacobsen (7) 
appeared. The procedure of these authors, using the phenyl ketone in- 
stead of the methyl ketone, seems to offer certain advantages which were 
not achieved in the present work.- 

The procedure we have investigated is formulated in the accompanying 
diagram. Several complications were encountered. The bromo ketone 
GU) proved to be difficult to purify. Whether this is caused by traces of 
25-bromo ketone or by the presence of the two possible epimeric 23-bromo 
ketones has not been decided. The dehydrobromination of \T was possible 

* The work described in this paper was done under a contract, recommended by' 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago, 

t This paper represents a portion of a thesis submitted by Vincent P. Hollander to 
the Division of Biological Sciences of the University of Chicago, in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 

* Personal communications from other members of the group and unpublished 
experiments from this laboratory. 

* The promising procedures of Meystre, Frey, ‘Wettstein, and Miescher (8) and of 
Meystre, Ehmann, Neher, and Miescher (9) were received while this manuscript was 
in press. 


549 



550 


ADHKX.VL CORTICAL HORMONES. VII 


I 

with boiling collidine but the a,/3-unsaturatcd ketone was obtained only 
as an oil. The oxidation of VII by CrOs gave poor yields of VIIL The 
characterization of the final product ^vas difficult because of the several 
isomeric bisnorcholanic acids described in the literature (1). 

EXP33TIIMENTAL® 

85-Chloromethyl Norcholanyl Ketone {IV) — 9,0 gm. of cholanic acid (I) 
were dissolved in 25 ml. of thionyd chloride purified by the procedure of 
Glattfeld and Kribbcn (10) and the solution allowed to stand at room tem- 
perature for 4 hours. The excess tliionyl chloride was distilled under 
diminished pressure on the steam bath and the removal completed by the 
distillation of fresh portions of benzene from the crystalline mass. The 
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acid chloride was dissolved in 100 ml. of benzene and vdth continuous 
stirring and cooling to — 10° added dropwise to a large excess of ethereal 
diazomethane, previously dried with sodium mre. The reaction mixture 
stood overnight, during which time the temperature -was permitted to rise 
to that of the room. The diazo ketone failed to crystallize readily and 
even after chromatogi-aphing 1.08 gm. on AloOj no crystalline product was 
obtained. The remainder of the diazo ketone was therefore treated wth 
300 ml. of a 3.5 n solution of hydrogen chloride in anhydrous ether and the 
reaction mixture allowed to stand for 10 minutes. The ether was washed 


*AH melting points arc corrected. The microanalyses were performed by Dr. 
Joseph Alicino (J. A.), The Squibb Institute for Medical Research, New Brunswick, 
New Jersey, and Mr. John De Lucia (J. De L.), New York, Dr. T. S. Ma (T. S, M.), 
Department of Chemistry of the University of Chicago, and Professor A. J, Haagen- 
Smit (A. J. H.-S.), California Institute of Technology. We wish to e-\press our 
appreciation for this service. 
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with dilute NasCOj solution and ^ith water, dried over Na-SO^, and the 
ether removed* 9.0 gm. of crude crystalline product \\ere obtsdned. This 
was purified by chromatographing on 60 gm. of AljOj and 6.1 gm, of prod- 
uct obtained which after two reciystallbations from methanol and from 
acetone gave needles with a melting point of 109-110®; W? = +21.7° 
(CHCl,). 

CtsHiiOCl Calculated C 76 40, H 10 51, Cl 9 02 
Found (J A) “ 76 29,** 10 51, ** 9 41 

Norcholanyl Methyl Ketone — 1.1 gm. of slightly impure 25-chloromethyl 
norcholanyl ketone were dissolved in 20 ml. of ^cial acetic add, 10 gm. of 
granulated zinc added, and the mixture heated under a reflux for 2 hours. 
The solution was cooled, ether added, and the zinc removed by decantation. 
The ether solution was extracted ^sith NaHCOj solution and with water 
and the ether removed. 3.6 gm. of crude product were obtained, which 
was purified by chromatographic adsorption on AljOj. 1.98 gm. of ana- 
lytically pure material 'were obtained together with smaller quantities of 
colored crj^stalline product which were discarded. Recny^stallized from 
acetone and from methanol the compound formed long thin needles, m.p. 
114-115°; la]^J - +22 5° (CHCl,). 

CtsH^-O. Calculated, C S3 73, H 11 78, found (J A ), C 83 30, H 11 04 

23-Bromonorckolanyl Methyl Ketone — 1,65 gm. of norcholanjd methyl 
ketone were dissolved in 50 ml. of glacial acetic acid, and 15.2 ml. of 0.130 
N Br; in glacial acetic acid and 2 drops of 48 per cent aqueous hydrobromic 
acid added. After 1 hour the reaction mixture was diluted with water and 
extracted vith ether. The ether solution t\as v ashed vith IsaHCOj 
solution and with water and the ether removed. The residue v as purified 
by chromatographic adsorption on alumina,'* 1.97 gm. of a light oU were 

* In earlier experiments with this substance and 25“bromcmeth>l norcholanjl 
ketone chromatographic adsorption had been used in purification Considerable 
difficulty Ts as expenenced m obtaining satisf actonlj pure preparations and the halo- 
gen values were mvanablj low Mr W Saschek, Department of Biochenuslrj'', 
Columbia Um\ersit> , called our attention to his observation that the silver halide 
precipitate obtained in his microanal> sis appeared to be silver cblonde rather than 
silver bromide, analysis of the silver salt confirmed this observation We vicre at 
that time using an alumina which had been extracted with 10 per cent hj drochlonc 
acid and subsequently washed twenty times with distilled water. Although the final 
seven washings were neutral, the alumina still contained considerable chloride ion 
An exchange reaction apparently occurred on the column This po^^sibilitj is of im 
portance when sensitive substances are chromatographed We have since substi 

tuted acetic acid in the extraction of base from commercial alumina and have not 
experienced any similar difficulty \\c should like to cxpre<;s our appreciation for 
the a«!sistancc of Mr Saschek 
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eluted with 60-70° petroleum ether and crystallized from methanol. It 
proved difficult to obtain a product with a sharp melting point and seven 
crystallizations were required before long needles of constant melting 
point, 94.5-95.5°, were obtained; Md® = +86.8° (CHCI3). 

C 2 iH 4 iOBr. Calculated. C G8.63, H 9.45, Br 18.27 

Found (T. S. M.). “ 69.09/‘ 9.05, “ 18.37 

Methyl Bisnorcholanate and BisnorcJwlanic Add — ^2.38 gm. of 23-bro- 
monorcholanyl methyl ketone were heated under a reflux for 4 hours vaih. 
5.0 ml. of redistilled collidine. After cooling, ether was added and the 
solution washed with dilute HCl and with water, and the ether removed. 
The dark gummy residue was dissolved in petroleum ether and chromato- 
graphed over 30 gm. of alumina. The eluate from 500 ml. of petroleum 
ether consisted of 1.20 gm. of a light yellow oil. Attempts to crystallize 
this product were unavailing. It was dissolved in 45 ml. of glacial acetic 
acid, 50 ml. of 1.36 n CrOs were added, and the mixture was allowed to 
stand for 18 hours at room temperature. The excess CrOs was destroyed 
by the addition of methanol and the product separated into acid and 
neutral fractions. The neutral fraction weighed 517 mg. The acid 
fraction (174 mg.) was esterified with diazomethane and purified by chro- 
matographic separation on alumina. 29 mg. of feathery crystals were 
obtained which upon recrystallization from ethanol melted at 115-117°; 
Wd® - +22.6° (CHCh); [cx]f = +21.4° (95 per cent ethanol). 

CwHasOj. Calculated, C 79,83, H 11.07; found (J. De L.), C 79.32, H 11.15 

The methyl ester was saponified with 0.05 n alcoholic NaOH under a 
reflux and the acid obtained crystallized from petroleum ether as small 
prisms, m.p. 171-175°; [ajj, = +10° (95 per cent ethanol). For the 
6 isomer of bisnordesoxycholic acid Wieland, Schlichting, and Jacobi (1) 
report the melting point of the free acid as 181°, = +14°, and the 

methjd ester melting point 117°. 

In a subsequent experiment isolation of the bisnorcholanic acid was 
achieved by preliminaiy saponification of the methyl esters of the acidic 
fraction vdih alcoholic base at room temperature, since methyl bisnor- 
cholanate is saponified with difficulty under these conditions. '674 mg. 
of acids were esterified with diazomethane. The product was dissolved 
in 15 ml. of 95 per cent ethanol; 1.0 ml. of 3.2 n NaOH was added and the 
solution allowed to stand at room temperature for 2 hours. 341 mg. of 
unhydrolyzed esters were obtained. These were completely hydrolyzed 
by heating under a reflux with alcoholic base and the acids isolated, 161 
mg. were obtained which crystallized poorly from petroleum ether. The 
product was esterified with diazomethane and the ester recrystallized from 
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ethanol as needles, mp 05-66®; [a]^ = +9.1® (clilorofoi*m), +30 3® 
(ethanol). 

C„H„0: Calculated, C 70 S3, H U 07 , found (V J H -S ), C 79 97, H 11 04 

The methyl ester was saponified \vith 0 05 n XaOH under a reflux and 
the acid obtained melted at 196-201®; [a]f = +19.5® (ethanol). Wieland, 
Schlichting, and Jacobi (1) report the melting point of the jS isomer of 
bisnorcholanic acid as 242®, [a]f = +23®, and the methyl ester of thi« 
isomer os an oil. 


SUMMARY 

A procedure for the degradation of the bile acid side chain by the elimina- 
tion of 2 carbon atoms has been described. Cholanic acid was converted 
to norcholanyl methyl ketone, brominated at C-23, and the elements of 
HBr removed with coUidme. Oxidation by CrOj yielded two isomers of 
bisnorcholanic acid. 
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STEROIDS DERR’ED FR05I BILE ACIDS 

1. THE PREPARATION OF 3(a)-HyDROXY-A«^CHOLEXrC AGED FROM 
DESOXYCHOLIC ACID 

By BERNARD F. McKEXZIE, WARREN F. McGUCKIN, akd 
EDWARD C. KENDALL 

{From the Division of Biochemistry , Mayo Foundation ^ Rochester, Minnesota) 
(Receh'ed for publication, September 8, 1W5) 

Reichstein and his associates (1) have recently reported the partial syn- 
thesis of dehydrocorticc^terone. This achievement not only confirms the 
structure assigned to this hormone of the adrenal cortex but also pro-vides 
a method for the partial sjmthesis of that group of hormones which have 
an atom of oxygen at Cu. However, the large number of steps required 
and the limited 3ields of certain intermediate compounds have restricted 
the commercial preparation of the hormone to such a degree that it still 
is not available in sufficient quantities for use on experimental animals 
and in clinical medicine. It is highly desirable that dehydrocorticosterone, 
corticosterone^ and the two related derivatives with a hydrox}i group at 
CiT be made available. To this end an investigation was undertaken in 
the biochemical laboratoiy^ of the Mayo Foundation in 1940.^ 

The preparation of dehydrocorticosterone from desoxycholic acid invoR^es 
four principal problems : removal of the oxygen at Ci# and attachment of 
oxygen at Cu, degradation of the side chain, introduction of the ketol group 
on Ca),C:i, and conversion of the hydroxyl group at Cj to an unsaturated 
ketone CsAL The work will be presented in the order given. 

Although the investigation w'as qiiite independent of that of the Swiss 
w^orkers, the original plan for introduction of the oxygen at Cu was the 
same, namely through an intermediate compound with a double bond 
in Ring C of the steroid nucleus. Therefore it became necessajy to demise 
a method for the preparation of compounds with this structure from some 
abundant source of starting material. DesoxychoHc add appeared to be 
the best starting material and for purposes of study 3(of)-hydroxy-A“- 
cholenic acid was chosen as the intermediate compound. A method for 
the preparation of this unsaturated acid from desoxj'cholic acid is given in 
this paper. Through a study of derivatives of 3(a)-h3*drox>-A”-choIenic 
acid a highly satisfactor>' method for introduction of oxygen at Cu was 
found. The essential intermediate compound*?, which include some hitherto 

*A manuscript which described the preparation of 3(tt)'h3’tIrosy-.i“-cholenjc 
acid was deposited with the Chairman of the Division of Chemistry and Chemical 
Technology, the National Research Council, Washington, D. C-, in Octolier, 1941. 
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unknown deri^^'ltives of cholanic ncid, will be described in subsequent 
papers. 

In the preparation of 3(«)-hydroxy-A”-cholenic acid, the double bond 
in Ring C was introduced by pyrolysis of methyl 12-benzoyldesoxycholate. 
The average yield from a number of preparations of the lithocholcnic acid 
was 21 j)er cent of the starting material and was 45 per cent of the weight 
of the starting material not recovered. 
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The steroid nucleus was shown to be intact by reduction of the double 
bond with formation of lithocholic acid. The position of the double bond 
was shown by formation of an oxide ^dth perbenzoic acid and reduction of 
the oxide to a hydroxyl group. Hydrogen and Adams’ platinum oxide 
catalj'st in acetic acid and a small amoimt of hydrochloric acid pelded 
desoxycholic acid. The oxide therefore was at Cii,C 25 and in the presence 
of mineral acid rupture of the oxide resulted in formation of the 12-hy~ 
droxyl group. 


DISCUSSION 

Wieland and ins associates (2-5) have prepared cholenic, choladlenic, 
and cholatrienic acids by pyrolysis of lithocholic, desoxycholic, and choHc 
acids respectively. 3(a)-Hydroxy-A'^-cholenic acid was probably hist ob- 
tained by Longwell and Winteisteiner (6) by the Wolff-Eishner method 
of reduction of what they considered to be 3,ll-dihydroxy-12-ketochoIanac 
acid. It was isolated in small yield as a by-product and was not identified. 
The meltmg point, lOS'’, however, indicates that it was probably the 
lithocholenic acid. 

After the work described in this paper had been completed, Reichstein 
and his associates (7) reported the preparation of the desired acid through 
pyrolysis of methyl 3-keto-l2-benzoxychoIanate, followed by reduction of 
the ketone group to give a mixture of 3(Qr)- and 0)-hydroxy-A^^-cholenic 
acids. PjTolysis of methyl 3-acetoxy-12-benzoxycholanate also gave 
some of the cholenic acid but in less amount. More recently Lardon and 
Reichstein (8) have obtained the 3-ketobisnorchoIenic acid by pjTolysis of 
the anthraquinone-iS-carboxydic ^ter of methyl 12-hydroxy-3-ketobisnor- 
cholanate. 


EXPERLMEXT-U. 

Methyl Desoxycholate (17) — 1 kilo of a commercial preparation of desoxy- 
cholic acid (I) was suspended in 4.5 liters of methanol and methanolic 
hydrogen chloride was added to make the solution 0.1 x. At room tem- 
perature the acid dissolved within 1 hour and esterification was complete 
within 2 hours, but the solution was usually allowed to stand overnight. 
Crystals of the ester which separated were dissolved by warming and the 
solution was treated with activated carbon and filtered through infusorial 
earth. Concentration of the methanol gave three successive crops of ester, 
674 gm., m.p.* 82-88®, 231 gm., m.p. 72-78®, and 108 gm. of low melting 
point. The crystals were w’ashed with cold methanol and dried at room 
temperature. The first two crops were used for subsequent treatment; 
the third crop and mother liquor w'cro <'on\*ej'ted into desoxycholic acid 

* AH raeltiiig points were taken on the Fisber-Johns apparatus. 
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and purified. Dane and lirady (9) Jnivc shown that methyl desoxycholate 
crystallizes from metlianol with 1 mole of methanol for each 2 moles 
of ester. 

Methyl 3-Benzoyldcsoxycholale {III) — 406 gm. of methyl desoxycholate 
(II) were dissolved in 1500 cc. of dry benzene and 300 to 400 cc. of the 
benzene were boiled ofT at atmospheilc ])ressure to remove methanol 
400 cc. of dry benzene, 100 cc. of p 3 n’idino, and 125 cc. of benzoyl chloride 
were added and the flask ^vas allowed to stand at room temperature over- 
night, The mixture was washed with dilute liydrochloric acid, with a 
solution of sodium bicarbonate, and with u'atci* and was concentrated under 
reduced pi-essure to a thick s^Tup to which 800 cc. of ethyl ether were 
added. Crystals of methyl 3-bcnzoyIdesoxj''cholatc separated, combined 
wth ether in the proportion of 2 moles of ester to 1 mole of ether. The 
yield was 472 gm., m.p. 90-95° and [aj^ = +49° rir 1° (1.6 per cent in 
chloroform); [cvJd = +61° rb 1° (l.G per cent in methanol). 

Dried in a vacuum at 100® for 4 Hours 

Cj2H460s. Calculated, C 75.25, H 9.0S; found, C 75.11, H 9.26 

Dried in air at room temperature 

CsjHicOs'KCiHsl.O. Calculated, C 74,75, H 9.40; found, C 74,35, H 9.40 

Methyl 3jJ^-Dtbe7izoykl€i>oxycliolaic (/F) — The dibenzoyl derivative was 
prepared without separation of the 3 -benzo 3 ddesox 3 ’'cho]ate in cr 3 "s- 

talline form. The residue, after I'eniot^al of benzene in the previous prepa- 
ration, was dissolved in 300 cc. of p 3 Tidjne to which 150 cc. of benzo}'! 
chloride were added. The flask was heated at 100° for 1 liour, p 3 U*idine 
was removed under reduced pressure, and to the residue 1 liter of water 
and 1 liter of benzene were added. The benzene solution was washed 
with h 3 ’'droehloric acid, with a solution of sodium bicarbonate, and with 
water. 

The benzene was removed under reduced pressure, 1 liter of ethanol was 
added, and the solution was concentrated under reduced pressure- The 
mixture was allowed to crystallize overnight and the crystals were filtered, 
washed with cold ethanol, and dried at room temperature. The weight 
of diy material was 491 gm. and the melting point was 143-143.5°. [a]u = 
+97° db 1° (1.6 per cent in chloroform); [ajo = +122° 2° (0.8 per cent 

in methanol). 

Cttlculatcdi C (G.IS, II S.20j found, C 7G.15, II S.OO 

J2~Bcnzoijldesoxycholic Acid {F) -307 gm. (0.5 mole) of methyl 3,12- 
dibenzoyldCiiO.Kycholate and 220 cc. of 5 n aqueous sodium hydro.vide were 
added to 1800 cc, of 95 per cent ethanol. The mi.xture was boiled under a 
reflux for 30 minutes, cooled to room temperature, and filtered through 
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infusorial earth. To the clear filtrate 200 to 230 cc. of 5 x hj'drochloric 
acid were added and ethanol was removed under reduced pressure until 
cloudiness appeared. Separation of co'stalline material in a small sample 
was induced by the addition of a few drops of water. These seed ciystals 
were returned to the flask and after a hea\y crop of crystals had separated 
1000 cc. of water were added gradually while the contents of the flask were 
stirred \rith a mechanical stirrer. The crj'stals were filtered after 20 
minutes. If the solution was allowed to stand, benzoic acid contaminated 
the product. The precipitate was heated in 1 liter of water at S0° for 
1 hour to remove benzoic acid. It was then filtered and air-dried. The 
weight was 243 gm. and the melting point 182.5-183®. [a]o = +51® + 2® 
(1.6 per cent in chloroform) ; {«].> = +65® ±: 2® (1.6 percent in methanol). 

Analysis— CiJliiO*. Calculated, C 74.94, II S.93; found, C 74.22, H 8.92 

Methyl 12'Bcnzoyldc$oxychoIate (17) — ^209 gm. {0.41 mole) of 12-benzoy]- 
desoxycholic acid and 37 cc. of concentrated sulfuric acid were added to 
1900 cc. of methanol and the solution was refluxed overnight.® Under 
reduced pressure 1500 cc. of methanol were removed and to the residue 
150D cc. of benzene were added. The benzene solution was washed vdth 
water, nith a solution of sodium bicarbonate, and nith water. It was 
dried over NajSOi and concentrated under reduced pressure. The last 
traces of benzene were removed in the special distilling flask used in the 
pyrolysis. The >4eid of the methyl ester was assumed to be quantitative. 
T^lethyl 12-benzoyldesoxjxholate has not been separated in crystalline form. 

3{a)-Hydroxy-A^^-ckolentc Acid (VI!) — The methyl 12-benzoyldesoxy- 
cholate described in the preceding paragraph was placed in a special flask 
of 500 cc. capacity.'* The flask was attached to a water suction pump and 
immersed in a steam bath; after about 2 hours only traces of benzene re- 
mained. A thermometer was placed in the extended neck and rested on 
the bottom of the flask. The flask attached to the water pump was then 
placed in an air bath which was previously heated to 300®. As soon as 
the temperature inside the flask reached 300®, benzoic acid began to distil. 
The time required for the temperature to reach 300® was less than 3 minutes 

* It was later found that the acid was esterified tn 4 parts of methanol with 0.2 s 
hydrochloric acid at room temperature in less than 2 hours. 

* The neck of the flask was lengthened to 46 cm. from the bottom of the flask. The 
opening at the end of the neck was constricted to 15 mm. and was closed T\*ith a rubber 
stopper. The diameter of the neck was 25 mm. .V side tul>e of the same diameter 
and 50 cm. long was attached to the nrrk 38 cm. above the bottom of the flask- The 
end of the side arm was constricted to 15 mm. and closed with a rubber stopper. 
Suction was applied to the flask through an openings cm. from the end of the side arm. 
The side arm was maintained sufficiently cool to permit the benzoic acid to ciy'stallize 
as it was liberated during the pyrolysis. 



5G0 


STKUOIDS FROM BILK ACIDS* I 


and to reach 315® less than 6 minutes* 25 minutes after the temperature 
reached 316® healing was stopped and the flaslv was cooled with a blast of 
air* When the temperature was below 140® the vacuum was released and 
the viscous, ahnost colorless residue was dissolved in 2600 cc. of ethanol 
to which 2G0 cc* of 5 N aqueous sodium hydroxide were added. The 
alkaline solution wa^ boiled under a reflux for 2 hours, the ethanol was 
removed, and the aqueous alkaline solution vus acidified with hydrochloric 
acid. The precipitated acid ^vns filtered and washed until free of chlorides. 

The crude acid was dissolved in 2 liters of liot benzene, occluded ivater 
was separated, and, after cooling, 12-benzoyldesoxycholic acid which sepa- 
rated was removed by filtration.^ 

The separation of the lithocholenic acid from 12 -benzoyldesoxychoUc 
acid was based on the observation that when these acids were dissolved in 
benzene the lithocholenic acid formed an insoluble sodium salt with an 
aqueous solution of sodium bicarbonate but the 12 -benzoyldesox}Tholic 
acid remained in the benzene. 

The benzene solution of the two acids was concentrated to a volume of 
2 liters to whicli was added a solution of 130 gm. of sodium bicarbonate 
in 2 liters of water. The mixture was refluxed gently for 3 hours and the 
benzene la^Tr was decanted while hot. The aqueous layer was washed 
with benzene. A small amount of 12-benzoyIdesoxycholic acid ivas re- 
covered from the benzene. The aqueous solution was cooled and the 
sodium salt was filtered off and washed with saturated, cold sodium bicar- 
bonate solution. 

The .sodium salt of the lithocholenic acid was dissolved in 1200 cc. of 
boiling water and the free acid was precipitated with hydrochloric acid. 
The lithocholenic acid was filtered off, dissolved in benzene, and again 
treated with an aqueous solution of sodium bicarbonate. The sparingly 
soluble sodium salt of the acid was heated at 100® overnight with COO cc. 
of N soditim hydroxide and was filtered through a steam -jacketed Buchner 
funnel. The sodium salt of the lithocholenic acid remained undissolved 
in the normal sodium hydroxide; the impurities passed into the filtrate 
(the last traces of 12-bcnzoyldesoxycholic acid were converted to sodium 
dosoxycholate). 

Tiic sodium salt of the lithocholenic acid was dissolved in 1200 cc, of 
boiling water and the acid was precipitated with liydrochloric acid, filtered, 
dried, and ciystallizecl from benzene. The purified acid (10), ni.p. 165- 
165.5°, weighed 32 gm. [«]« = +43° + 2° (3 per cent in ethanol); forjo — 
+31° + 2° (1 per cent in chloroform). The weight of 12-benzoyldesoxy- 

* The recovered crude 12-benzoyldesoxy cholic acid was recrystallized from ben- 
zene and digested with hot water to change the crystal form. The suspension was 
filtered, dried, and rcesterified. 
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cholic acid recovered was 110 gm. The yield of lithocholenic acid based 
on the 12-benzoyldesoxjxholic acid not recovered was 45 per cent. 

Calculated, C 76.94;H 1023; found, C 76.77, H 10.30 

Liihocholic Acid Jrom 3{c^-Hydroxy-Ay^-ch6lenic Acid — 5 gm. (0.0134 
mole) of 3(a)-h3’’droxy-A^*-cholenic acid were reduced in 50 cc. of glacial 
acetic acid in the presence of 50 mg. of platinum oxide. 301 cc. of hj’drogen 
were absorbed in 56 minutes; theory^ for 1 mole of hydrogen, 300 cc. Crys- 
tals which had separated from the solution were dissolved by wanning, the 
platinum was removed, and the acetic acid was concentrated under reduced 
pressure to about 10 cc. Crystallization from acetic acid yielded 3.54 gm. 
of material, which had a melting point of 170-182°. The melting point 
was raised to 184-185° by treatment with boiling benzene (50 cc. per gm.). 
2 gm. of the acid were esterified with diazomethane. The ester was crys- 
tallized from acetic acid. The melting point was 126-127°. An authentic 
sample of methjd lithocholate prepared from 3(a)-h3^drox3’'-12-ketocholanic 
acid by reduction vaib the AVolff-Kishner method melted at 128-128.5° 
(11); the melting point of the mixture was 126-128°. 1 gm. of ester was 

oxidized 'with 10 cc. of 1,98 n chromic acid in acetic acid for 1 hour at room 
temperature. The oxidized product was crystallized from acetic acid; it 
melted at 116-118°. An authentic sample of methyl dehj^drolithocholate 
melted at 117-119° (12). The melting point of the mixture was 116-119°. 

3{<xyHydroxy'll jl2-epoxycholanic Acid — ^7.48 gm. (0.02 mole) of 3(a)- 
hj'droxy-A'^-cholenic acid in 60 cc. of dry chloroform were treated at 0° 
i\4th 65 cc. of 0.7 n perbenzoic acid in chloroform. After 48 hours utiliza- 
tion of the perbenzoic acid was 94 per cent of 1 mole. The chloroform 
solution was shaken with water which contained 2 gm. of sodium bisulfite. 
The chloroform was removed under reduced pressure and the residue was 
washed with water and dissolved in 50 cc. of ethanol. The addition of 
200 cc. of water caused the separation of 7.15 gm. of crystalline material, 
which was recrj^stallized from benzene. The melting point was 166-166.5° 
and [a]o = 4-39° db 2° (1 per cent in ethanol) (10). 

Analysis — C-iHaiOi. Calculated, C 73-78, H 9.81; found, C 73.77, H 9.71 

Reduction oj S{a)-Hydroxy-llJ2-epoxycholanic Acid and Methyl Ester 
{10) — 2.02 gm. (0.005 mole) of methjd 3(a)-hydrox3'-il ,12-epox3'cholanate 
were reduced in 25 cc. of acetic acid with 200 mg. of Adams’ platinum oxide 
catalj’st in the presence of 0.50 cc. of 1 N hj^drochloric acid. After 48 hours 
slightlj" more than 1 mole of hj'drogen had been absorbed. The platinum 
was removed and the residue after evaporation of the acetic acid under 
reduced pressure was hydrolyzed irith sodium hj^droxide in ethanol. The 
alcohol was removed and the alkaline solution was poured into hot dilute 
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aqueous hydrochloric acid. The pj’ccipitatcd acid, filtered, washed, and 
dried, wus dissolved in 5 cc. of acetic acid by warming. About 1 gm. of 
materia] separated in crystalline form after the solution had been cooled 
to S'*. This was combined with the corresponding fraction from another 
2.02 gm. sample of the starting jnatcria! whicli had been reduced as de- 
scribed. The combined fractions (2.07 gm.) were suspended in boiling 
water to remove acetic acid and were dissolved in 20 cc. of 75 per cent 
acetone with the aid of heat. When cooled to 5®, ciystals (1.17 gm.) 
separated. Two crystallizations from G cc. ])ortions of hot acetic acid 
which wore .subsequently cooled to 5® gave 1.04 gm. of compound. This 
was precipitated twice from alkaline aqueous solution b}" addition to hot 
dilute hydrochloric acid. The partiall}" jHirified acid wjus again crj'stallized 
from 7 cc. of 75 per cent acetone, heated to efTect solution, and subsequently 
cooled to 5*^. S31 mg. thus obtained were csterified in ether with diazo- 

methane. The ester was dissolved in 3 cc. of benzene and was benzoylaled 
by the addition of 1 cc. of p^u’idine and 1 cc. of benzo 3 d chloride. The flask 
was allowed to remain at room temperature overnight. Benzene was 
added, the solution was washed with water, and the benzene was removed 
under reduced pressure. 2 cc. of pyridine and 1 cc. of benzoyl chloride 
were added and the flask again remained overnight at room temperature. 
The residue u^as dissoh^ed in benzene, washed free of pyridine with dilute 
h^^drochloric acid and water, and the organic solvent was removed under 
reduced pressure. 701 mg. of material were separated in crystalline fonn 
after the residue was dissolved in methanol. Recrj^stallization from 20 cc. 
of boiling methanol yielded G13 mg. of rather long prisms which melted 
at i 43~144° with a transition point at 131“132°. An authentic sample of 
method 3, 12-dibenzoylde30xycholato melted at 144-145® with a transi- 
tion point at 129-130°. A mixture of the two samplas melted at 144-144.5°. 
[a]o == +121° db 2^ (31.2 mg. in G cc. of methanol, 2 dm. tube). [a]t>of 
the authentic sample = +122® =b 2® (0.8 per cent in methanol), 

780 mg. (0.002 mole) of 3(a)-h3'droxy-ll , 12-epox3Tholanic acid were 
reduced in 10 cc. of acetic acid with 100 mg. of platinum oxide catab'st in 
the presence of I drop of 1 x hydrochloric acid. After 23 hours about 75 
])er cent of 1 mole of Imlrogen had been absorbed. C’lystaUine material 
which had sc])aratcd was dissolved with the aid of lieat, the platinum was 
rcmoA’cd by filtration, and the solution was concentrated under reduced 
pre.'^sure to 5 c(‘. 302 mg of compound separated and were oxidized at 15° 
in acetic acid with 120 per cent of the theoretical amount of chromic acid. 
Addition of water precipitated the oxidized product wliich, after crystalliza- 
tion from 50 per cent ethanol, melted at 18G-187° (13). The melting point 
was not depressed when the material was mixed with an authentic sample 
of deh 3 'drodcsoNycholic acid. 
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S'OMXU.UY 

For the introduction of oxygen in position 11 of the steroid nucleus 
3 (a)-h 3 'drox>"-A^*-cholenic acid was prepared from desoxj-cholic acid tiirough 
the pyrolysis of method 3(cr)-hydroxy-12-benzox3’cholanate. The prepara- 
tion of meth}'! 3(ct)-benzoxy-12-hydrox5xholanate, 3(a)-hydroxy-12-benz- 
oxj’cholanic acid, methyl 3 , 12-dibenzoyldesoxjTholate, and 3(cc)-hy- 
drox\"-l 1,1 2-epoxy cholanate is described. 

Analyses for carbon and hydrogen \Yere made through the courtesy of 
Dr. Randolph T. Major in the laboratory of Merck and Company, Inc, 
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n. 3(a).HYDROXY^lL12-DIBROMOCHOLANIC ACID AND RELATED 

COMPOUNDS 

By lewis L, ENGEL, \TSRNON R. MATTOX, BERN.\RD F. McKENZIE, 
WARREN F. McGUCKIN, axd EDWARD C. ICENDALL 

{From ihc DiVmon of Biochcmislry ^ Maya Foxindaiionf FochcsUr, Minnesola) 
(Received for publication, September 8, 1945) 

In Paper I of this series (1) the preparation of 3(a)*hydroxy-A*Lcholenic 
acid (I) reported. The present communication describes the products 
obtained by bromination of I and related compounds.^ 

Bromination of I in chlorofonn gave 3(a)“hydroxy-ll,12-dibromo- 
cholanic acid (IV) which was converted in two steps to methyl 3(o)>acetoxy~ 
11,12-dibromocholanate (\T). When the bromination was carried out in 
acetic acid, the same dibromo acid (lY) was obtained. However, another 
product separated from the reaction mixture which w'as sho'wn by conver- 
sion to VI vlth diazomethane to be 3{a)"acetoxy-ll,12-dibromocholanic 
acid (VII). This acid was obtained in varying yields which depended on 
the condition of the experiment. The ease ^\ith which the 3 (a) -hydroxyl 
group is acetylated in acid medium will be referred to in a subsequent paper. 
Addition of bromine to II gave the dibromo ester (III) identical with the 
methyl ester prepared from IV. Bromination of methyl 3(a)-acetoxy- 
A“-cholenate fV^ g2,vc the corresponding dibromide (SI) which could be 
prepared either by acetylation of HI or esterification of VII. In all cases 
only one of the possible isomeric dibromicles could be isolated. 

Oxidation of 3(a)-hydrox>*-ll , 12-dibromocholanic acid (R") ^Tith chromic 
acid gave 3-keto-ll,12-dibromocholamc acid (^TII). 

Two of the eight compoimds reported in this paper, II and V, have been 
prepared by Press and Reichstein (2). Lardon and Reichstein (3) regarded 
the methyl ester of VIII as a probable member of a mixture of bromo com- 
pounds which were by-products of the preparation of methyl 3-keto-ll- 
hydrox>'-12-bromocholanate but the dibromo acid (Vlll) was not separated 
in analytically pure form. 

Ott and Reichstein (4) chi'cmatographed the products obtained by treat- 
ment of methyl 3(oj)-acetoxj"-A”-cholenate with hj-pobromous acid and 
secured a fraction which was sho^vn to be identical with “freshly prepared” 

^ The work described in this paper was completed during 1941 and 1942. The re- 
sults have been withheld from publication in agreement with other workers in this 
field. 
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methyl 3(a)-acetoxy-ll,12-dibromocholanate,- but they did not give the 
physical characteristics of the compound last mentioned. 

EXPEKIMENTAL^ 

All melting points were determined with the Fisher-Johns apparatus. 
Methyl 3{ayHydroxy-£ii}^’Cholcnatc {II) from I — 3.9 gm. of 3 (a)“hydrox 7 - 
A'^-cholenic acid (I) were dissolved in 40 cc. of 0.1 n methanolic hydrogen 



chloride at room temperature. The acid was completely esterified in 
50 minutes. 350 mg. of sodium bicarbonate in 40 cc. of water were added, 

2 In a pai)er by Press, Grancljcan, and Reichstein (5) which described the prepara- 
tion of methyl 3(of)-acetoxy-n,12>dibromocholanate there is a typographical error. 
According to their paper the starting material which was brominated was methyl 
3(^)-acc.toxy-A'*-cholenatc; it therefore may be assumed that the compound described 
ns the 3(a)-acctoxy derivative was methyl 3(i3)-acetoxy-ll,12-dibromocholanate. 

2 Some of the compounds described in this paper were analyzed in the laboratory 
of Merck and Company, Inc., Rahway, Xew Jersey; the remainder were analyzed 
by Mr, William Saschek in the Department of Biochemistry, C<»lumbia University, 
Xew York. 
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the substance was mbced \nth a sample of Yl from III the melting point 
was 192-194®. [a]e ~ +66® db 2® (30.5 mg. in 3 cc. of chloroform). 

VI from VII — 500 mg. of 3(a)*-acetox>"-ll ,12-dibromochoIanic acid 
(VII), m.p. 220®, were esterified in ether with diazomethane in the presence 
of a small amount of methanol. The ether was washed with hydrochloric 
acid and ^vith water, dried with sodium sulfate, and removed under reduced 
pressure. The residue, cr^'stallized from ethyl acetate, melted at 194-195° 
with efTer\'esccncc/ Vlien the substance was mixed with a sample of 
from III the melting point w^as 191-194°. !«]=. = +64° ± 1° (20 mg. 
in 4 cc. of chloroform). 

SiaVAceioxy-ll ,12-dibromocholanic Add (VII) from IV — 1 gm. of 3(a)'- 
hydroxj'-ll,12-dibromocholanic acid (IV), m.p. 178-179°, w'as dissolved 
in 50 cc. of glacial acetic acid and 50 cc. of chloroform to w'hich 10 cc. of 
4.5 N hydrogen bromide in glacial acetic acid were added. After 16 hours 
at room temperature the solution was concentrated imder reduced pressure 
to about 25 cc. The crystals which separated, filtered from solution and 
w’ashed with glacial acetic acid, weighed 0.92 gm. and melted at 214-215° 
with effervescence.** Concentration of the mother liquor under reduced 
pressure gave a second crop (0.11 gm.) which melted at 213-215.5°. [a], = 
+62° dt 2° (20 mg. in 4 cc. of chloroform). Four preparations of VJl have 
had melting points between 224-228°. Recrystallization lowered the melt- 
ing points from 5° to 10°. 


CjiH^aO^Brs. Calculated. C 17, H 6.99, Br 27.73 
Found. “ 54.07, 6 . 86 , » 27.73 

VII from I — 187 mg. of 3(a)-h5’droxy-A“-cholenic acid (I) were dissolved 
in 5 cc. of glacial acetic acid to which 5 cc. of n bromine in glacial acetic 
acid were added. After 16 hours at 25° the ci>"stals which had separated 
(134 mg.), filtered from solution and washed with acetic acid, melted at 
218-219° with effervescence.'* When the material w'as mixed with a sample 
of VII from IV, the melting point was 218-219°. [a]# ~ +65° 2° 

(27.4 mg. in 3 cc. of chloroform). 

3-Kdo-ll ,12-dihromocholanic Add (VIII) from JT”— 2.73 gm. (0,005 
mole) of 3(a)-hydrox>"-ll,12-dibromocholanic acid (IV) were dissolved in 
20 cc. of chloroform, cooled in ice, and an ice-cold solution of 1.33 gm. of 
chromic acid in 1.4 cc. of water and 20 cc. of acetic acid was added. After 
1 hour at 25°, the chloroform phase was separated by the addition of 
200 cc. of w'ater and was xvashed with water and dried with sodium sulfate. 
The chloroform w'as removed under reduced pressure; the residue, dissolved 
in 20 cc. of acetic acid, separated as ciystals after the addition of water. 
The ciy.'stals, filtered from solution, wa+ed with 80 per cent ice-cold acetic 
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acid, and dried in air, weighed 1.63 gm. The melting point was 178*-179® 
with effervescence/ [ajo = +46° db 2° (c = LOS in chloroform). 

Cs^HaflOjBrs. Calculated. C 54.14, H 6.81, Br 30.02 
Found. 54.21, 6.G2, 30.08 

SUMMAHY 

The preparation and properties of 3(a)-hydroxy“ll,12-dibromocholanic 
acid and closely related compounds from 3(a)-hydroxy-A”“Gholenic acid 
are described. 
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STEROIDS DERDHED FROM BILE ACIDS 


III. DERrV^ATR^ES OF A'.».CHOLENIC ACID WITH SUBSTITUENTS AT 

C, AND Cis* 

By RICHARD B. TURNER, VERNON R. ALVTTOX, LEWIS L. ENGEL, 
BERNARD F. McKENZIE, akd EDW^ARD C. KENDALL 

(From the Division of Biochemistry, Mayo Foundation, Rochester, Minnesota) 
(Received for publication, September 8, 1945) 

It has been sho'^Ti by Reichstein and his associates (1, 2) and inde- 
pendently by us (3) that treatment of 3(a)-hydroxy-A“-eholenic acid, or its 
derivatives, with perbenzoic acid leads to the formation of an oxide which 
mELy be reduced catalytically to desoxycholic acid. In the hope of obtain- 
ing an oxide of opposite configuration which might on reduction yield a 
Cii-hydrox3' compound, 3(of)-hydroxx^-ll,12-dibromocholanic acid (I) (4) 
was treated with dilute aqueous alkali. The desired oxide, however, was 
not obtained, but instead an isomeric compoimd which was identified b}' 
Sarett (5) as 3(ct),12-dih3'droxy-A®*“-cholenic acid (II). As abj'-product 
from the treatment with alkali 3(a)-hydroxy-A^^-cholenic acid (3) was also 
separated. The structure of II was indicated hy the conversion of the 
methyl ester (III) to a diacetate (R^ with acetic anhj'dride and p3Tidine 
and b3' the oxidation of II to 3,12-diketo-A®*”-cholenic acid (XIV) with 
chromic acid (6, 7). Under carefull3" controlled conditions we have further 
been able to oxidize II to 3(Gf)-h3’’droxy-12-keto-A®*^-cholenic acid (^TII) 
(b-8). 

Halogen was also eliminated from 3-keto-ll,12-dibromocholanic acid 
(VII) with alkali and, b3' analog3' with the formation of II, we formulate 
the product as 3-keto-12-hydrox3^-A®*^‘-cholenic acid (XIII). Oxidation of 
XIII with chromic acid gave 3,12-diketo-A®*^-cholenic acid (XRO- 

Compoimd II with acetic acid in the presence of a small amount of sul- 
furic acid at room temperature was rapidl3' converted (3 minutes) into a 
monoacetate (^0 which with diazomethane gave the ester (^T), The free 
hydroxyl group in VT was shown to be at C3 b3’ oxidation with chromic acid 
followed by h3'drolysis to give a monoketo monoh3'drox3" acid identical 
with XIII which was formed as alread3" described b3' treatment of 3-keto- 
11,12-dibromocholanic acid (Vll) vdth aqueous alkali. 

Because of the possibility of an all3'lic rearrangement in Ring C the 
acetox3d group of V could be at C 9 or C12. The following eiddence suggests 

* The work described in this paper was completed during 1942 and 1943. The 
results have been withheld from publication in agreement with other workers in 
this field. 
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that the acetox}’! group is at Ci 2 and the double bond is Co , Cn. The mono- 
acetate (VI) was converted in acetic anhydride and pyridine to a diacetate 
which was identical with the diacctate (IV) prepared from method 3(a) , 12- 
dihydroxy-A^’^^-cholenate (III) in acetic anhydride and pyridine. Alkaline 
hydrol 3 '^sis of both mono and diacetyl derivatives, VI and IV, regen- 
erated 11. 

When II was csterified with methanol and a trace of mineral acid, a 
compound (XI) w’as formed which differed from the ester (III) obtained 
b}'' treatment of II with diazomethane. We assign to this ester the struc- 
ture meth}^ 3(a)-hydroxy-12-methoxy-A®*^^-cholenate on the basis of the 
following evidence. Alkaline hydrotysis of the ester gave an acid (X) 
which contained one methoxyl group as shown by a Zeisel determination. 
Acetylation of the metlyl ester (XI) with acetic anhydride and pyridine 
gave a monoacetate (IX), Avhilc oxidation with 2 equivalents of chromic 
acid gave a monoketone (XII), identical with the product obtained from 
3-keto-12-hydrox3’'-A^*^^-oholenic acid (XIII) hy the action of methanol 
and hydrochloric acid. It follows, therefore, that the hj^'drox^d group of 
XI is at Cs and that the methoxyl group is at Co or C 12 . We suggest that 
the methox\d group is at Cu and that the double bond is Co,Cn but full 
discussion will be withheld for another paper. The following observations 
are consistent with position C 12 for the methox^d group, although they do 
not furnish unequivocal evidence. Acetic acid and a small amount of 
sulfuric acid rapidty changed XI into a monoacetate identical with VI. 
Oxidation of XI with an excess of chromic acid gave a small amount of 
methyl 3,12-diketo-A^*''-cholcnatG (XV). In methanolic sodium hy- 
droxide the methyl ester of 3(a)-hydrox5^-ll ,12-dibromochoIanic acid (I) 
was converted into an acid Avhich with diazomothane gave XI. This is 
analogous to the preparation of II from I with alkali in aqueous medium. 
The formation of an allyl ether in Ring A of the steroid nucleus from a 
dibromide by the use of alcoholic alkali has been observed l>y Wieland and 
his coAvorkers (8). 

Tavo of the compounds, VIII and XIV, reported in this paper haA’e been 
described by other im^estigators. 3(a)-Hydroxy-12-keto-A®' “-cholenic 
acid (VIII) has been prepared by Chakra vorty and Wallis (9), by Seebeck 
and Rcichstein (6), and by Lardon and Reichstein (7). Methyl 3,12- 
diketO“A®*"-cholenatc (XIV) has been prepared hy Seebeck and Reiclistein 
(0) and hy Lardon and Reichstein (7). 

Seebeck and Reichstein state that the melting point of XV Avas the 
same as that of metlyl 3,12-diketocholanate and that, although the melt- 
ing point of a mixture of these tAVo compounds did not show a depression, 
the specific rotation of the unsaturated ester in acetone Avas 20'' loAver than 
that of the saturated ester. We have confirmed this observ^ation, and 
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have sho^\^l further that the specific rotation of XIV and XV is greatb’ 
affected by the solvent and the presence of traces of acid. We have also 
observ’ed that the specific rotations of several samples of XH^ and XV in 
chloroform do not agree among themselves, although the melting points in 
each group vrere within a close range. 

In this paper all monosubstituents at Cj are in the a position. The con- 
figuration of the substituents at Cn will be discussed in another paper. 

EXPERIMENTAL^ 

AH melting points were determined on the Fisher- Johns apparatus. 

Acid (JJ) Jrom 1 — 42.0 gm. of 3(a)- 
hydroxj"-ll,12-dibromocholanic acid (I) (4), which contained 1 mole of 
acetic acid of crystallization, were heated at 97° for 5 hours with 1000 cc. 
of 0.33 N sodium hydroxide. The solution was cooled, 200 cc. of benzene 
w’ere added, and the solution was acidified with 200 cc. of normal hydro- 
chloric acid. At the interface between the benzene and water a thick mass 
of crj^stals separated. The crystals w^ere filtered, washed with water and 
benzene, and piuified by solution in dilute sodium hydroxide and precipita- 
tion as described. 21.9 gm, of crystals were obtained which melted at about 
150° with effervescence, resolidified, and melted again at 193-'194°. When 
II was crystallized from acetone, the melting point w'as 198-199°. [a]o == 
“f 103° dz 2° (30.1 mg. in 3 cc. of methanol). The sample for analysis was 
dried at 150° for 1 hour in a high vacuum. 

CsiHjsO^. Calculated, C 73.80, H 9.81; found, C 74.09, H 9.75 

When II is crystallized from acetone, solvent is not retained in the 
crystals; w'hen crystallized from benzene, 0.5 mole of benzene of ci^'stalliza- 
tion is held firmly. Benzene of crystallization is lost and the ci^’stals melt 
at about 150°. The melted material resolidifies and melts about 40° 
higher. 158 mg. of II ciystaUized from benzene lost 4.36 per cent in 
w'eight w’hen heated at 128° for 15 hoiurs under a vacuum. After heating 
the same material at 178° under a vacuum for 85 minutes longer, the loss 
in w'eight was 4.91 per cent. Total loss, 9.27 per cent; calculated loss for 
0.5 mole of benzene, 9.09 per cent. 

3{ayHydTOxy~6}^-cholenic Acid (5) Jrom 1 — ^The benzene phase of the 
filtrates from the preparation of II w’as concentrated imder reduced pres- 
sure and the residue was dissolved in normal sodium h^’^droxide through 
the aid of a little ethanol which was removed subsequently under reduced 
pressure. A w*hite crystalline precipitate continued to separate for 3 da 3 "s. 

* Some of the compounds described in this paper were analyzed in the laboratory 
of Merck and Company, Inc., Rahway, New Jersey; the remainder were analyzed by 
Mr. William Saschek in the Department of Biochemistrj’, Columbia University, 
New York. 
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The solution was centrifuged and the precipitate was dissolved in alcohol; 
water was added and the solution was acidified with hydrochloric acid. 
3(a)-Hydroxy-A”-cholenic acid separated and was purified by crystalliza- 



tion from benzene. The maximal yield was 25 per cent of the theoretically 
possible, based on the weight of the starting material. The acid added 1 
mole of bromine. 200 mg. of the acid were reduced in 5 cc. of acetic acid 
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with hydrogen in the presence of 25 mg. of platinimi oxide. In 15 minutes 
11.6 cc. of hydrogen were absorbed (calculated, 11.4 cc.). The melting 
point of the lithocholic acid formed was 187-188°. The melting point of 
the 3(a)-h3*droxy-A”>cholenic acid was 162-162.5° and when the substance 
was mixed Anth an authentic specimen there was no depression in the 
melting point. [ct]r, = -f‘45° 2° (31.0 mg. in 3 cc. of ethanol). 

II from III — 100 mg. of meth}'! 3(a),12-dihydrox3'-A®-"*cbolenate (III) 
were dissolved in 2.4 cc. of methanol to Avhich was added 0.6 cc. of 5 x 
sodium hydroxide solution. The solution Avas kept at 50° for 46 hours, 
50 cc. of water were added, and the methanol was removed imder reduced 
pressure. The volume Avas made to 100 cc. AAith AA*ater, 10 cc. of benzene 
AA’ere added, and the solution AA'as acidified AAith dilute acetic acid. 95 mg. 
of crystals, filtered from solution and AA'ashed with benzene and AA^ater, 
melted at 148-149°, resolidified, and melted at 189-192°. When the 
product AA*as reciystallized from acetone and placed on the block pre- 
A’iously heated to 190°, the melting point AA'as 198-199°; Avhen mixed A\ith 
an authentic sample of II the melting point AA'as 199-200°. \a]o = +103° 
± 2° (31.2 mg. in 3 cc. of methanol). 

II from IV — 100 mg. of methyl 3(a),12-diacetox3’-A®*”-cholenate (IV) 
AA'ere hydrolyzed as described in the preA'ious paragraph. The product, 
78 mg., melted AA-ith loss of solvent at 148-149°, resolidified, and melted 
at 183-186°. After recrystallization from acetone the melting point AA'as 
193.5-195° when the block was previously heated to 190°. VTien the 
crystals Avere mixed Avith an authentic sample of II, the melting point 
AA'as 195-199°. [«]» = +103° it 2° (30.2 mg. in 3 cc. of methanol). 

II from V — To 109 mg. of 3(o£)-hydrox3’’“12-acetox3’'-A®*”-cholenic acid 
(V) in 9 cc. of methanol 0.6 cc. of 18 N sodium hydroxide AA'as added and 
the solution AA'as maintained at 60-70° for 3 hours. The solution was 
diluted A\ith about 30 cc. of AA'ater and the methanol AA'as remoA’ed under 
reduced pressure. About 5 cc. of benzene were added and the solution 
AA'as acidified Avith hydrochloric acid. Cr3"stals formed at the interface. 
The-product melted at 150-160°, resolidified, and again melted at 193-195°. 
No depression of the melting point AA’as obserA-ed AA'hen this product AA'as 
mixed AA’ith an authentic sample of II. The yield AA'as 86 mg.; after re- 
crystallization from acetone, [a]® = +104° zh 2° (31.0 mg. in 3 cc. of 
methanol). 

II from VI — 3 gm. of meth3’’l 3(a)-hydroxy-12-acetox3'-A®»^'-cholenatc 
(\T) were dissolved in 40 cc. of methanol to which 2.5 cc. of 18 x sodium 
hydroxide AA'ere added. The solution Avas alloAA'ed to stand at 50° for 20 
hours. 300 cc. of AA'ater AA'ere added to the flask and the methanol AA’as 
remoA'ed under reduced pressure to a volume of about 200 cc.; 100 cc. of 
benzene were added and the sodium hj'droxide AA'as neutralized to Congo 
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red with dilute hydrochloric acid. From the benzene-water suspension 
2.61 gm. of crystals were filtered and washed with water and benzene. 
After reprecipitation from dilute alkaline solution by the addition of hy- 
drochloric acid in the presence of benzene the crystals melted at between 
145-150°, solidified, and melted at 196.5-198°. The product ciystallized 
from acetone and dried at 100° melted at 191-195°; when mixed with a 
sample of II from I the melting point was 195-198°. [^Jd = +104° ± 2° 
(30.0 mg. in 3 cc. of methanol). 

Methyl 3{a) J2-Dihydroxy-L^^^'^-cholenate {111) from II — 500 mg. of 
3(o:),12-dihydroxy-A®'^*-cholenic acid (II) suspended in 50 cc. of ether 
and 5 cc. of methanol were esterified with diazomethane in ether. The 
solvents were removed under reduced pressure; the residue was dissolved 
in ether and the solution was washed with dilute sodium carbonate, dried 
Avith sodium sulfate, and evaporated to a small volume. Addition of 
petroleum ether caused the separation of crystals which melted at 87-88°. 
Recrystallization from methanol by the addition of water raised the melting 
point to 93-94°. When the crystals Avere placed on the block previously 
heated to 95°, the melting point Av^as 97-97.5°. [a]u == +98° rt 2° (30.2 
mg. in 3 cc. of methanol). 

Methyl 3{oc) ,12-Diacetox^j-ii^^ *^^~cholenaie {IV) from VI — 2 gm. of methyl 
3(cr)-hydroxy-12-acetoxy-A^*^^-cholenate (VI) Avere dissolved in 4 cc. of 
pyridine and 4 cc. of acetic anhydride. After 21 hours the acetic anhydride 
was decomposed by addition of ice and the product AA^as extracted AA'ith 
benzene. The organic phase Avas separated and AA'ashed successively AAdth 
Avater, dilute sulfuric acid, sodium carbonate, and water; it AA*as then dried 
Avith sodium sulfate. The benzene Avas removed under reduced pressure 
and the residue AA^as crystallized from a small volume of ice-cold ligroin. 
The product Aveighed 1.12 gm. and melted at 8Cb-81°, The analytical sam- 
ple Avas prepared by several recrystallizations from petroleum ether and 
dilute methanol, m.p. 84.5-85°. [a]p = +200° db 2° (31.2 mg. in 3 cc. 
of chloroform). 

C-cHhOs. Calculated, C 71.27, H 9.0S; found, C 71.53, H 9.0S 

IV from /77— 100*mg. of methyl 3(a),12-dih3^drox3^-A^*“-cholemite (111) 
Av^cre dissolved in 5 cc. of acetic anhydride and 5 cc. of pyridine and alloAA’ed 
to stand at room temperature for 19 hours. The acetic anh 3 ^dride Avas de- 
composed AAith ice and the insoluble matei'ial Avas dissolved in benzene. 

The solution Avas Avashed Avith dilute sulfuric acid, Avith sodium bicar- 
bonate solution, and Avith tAVo portions of Avater. It Avas dried mth sodium 
sulfate and evaporated to dryness under reduced pressure. The residue 
AA^as dissolved in methanol, Avater was added to the point of turbidity, the 
solution Avas cooled in an ice-salt bath, and the product Avhich separated 
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was filtered and washed with ice-cold 50 per cent methanol. Recrystalliza- 
tion from methanol-water gave 70 mg. of cr^^stals which melted at 82-82.5°. 
Wlien the product was mixed with a sample of IV from VI, the melting point 
was 82.5-84.5°. [a]^ = -{-198° db 2° (30.4 mg. in 3 cc. of chloroform). 

S(a)-Hydroxij-12-accioxy-A^’^^-choIcnic Acid (1^ from 77—500 mg. of 
3(a),12-dihydroxj'-A®‘“-cholenic acid (II) were dissolved in 50 cc. of glacial 
acetic acid to which 0.65 cc. of 5 n sulfuric acid was added. After 8 minutes 
the solution was mixed vdth 200 cc. of chloroform and washed with seven 
portions of water. The chloroform solution was evaporated to dryness 
under reduced pressure, and the residue was crj^stallized from ether. The 
product weighed 283 mg. and melted at 179-180°. After several reco'stal- 
lizations from dilute methanol, the melting point was 185-186°. [a]^ = 

+206° =i= 2° (34.8 mg. in 3 cc. of methanol); [a]^ = +198° =b 2° (25.0 mg. 
in 4 cc. of chloroform). 

CsjH^dOj. Calculated, C 72.18, H 9.32; found, C 72.04, H 9.59 

Methyl 3{cLyHydroxy-12~acetoxy-A^^^^-cholenale (T'"7) from V — 1,500 gm. 
of 3(a)-hydroxj'-12-acetox3^-A®’^^-cholenic acid (V) were esterified in ether 
\nth diazomethanc. The ether was concentrated under reduced pressure 
to about 2 cc., diluted with ligroin, and cooled in ice. The first crop of 
crystals, 0.742 gm., melted at 105-106°, and the second, 0.419 gm., at 107- 
108°. The analytical sample, prepared by recrystallization from ligroin, 
melted at 107.5-108°. [a]o = +196° ifc 2° (30.6 mg. in 3 cc. of methanol). 

Calculated. C 72.60, H 9.47, CH 5 CO 9.63 
Found. “ 72.73, 9.40, “ 10.06 

V7/ro7n XI — 16.7 gm. (0.0400 mole) of methyl 3(ct)-hydroxy-12-methox>'- 
A® ‘“-cholenate (XI) were dissolved in 400 cc. of glacial acetic acid and 
13 cc. of 5 N aqueous sulfuric acid were added. The temperature was 26°. 
At the end of 10 minutes the solution was poured into 600 cc. of benzene 
which was then washed with water, with dilute sodium bicarbonate solu- 
tion, and ^vith water. The benzene was dried over sodium sulfate and 
concentrated imder reduced pressure to about 20 cc. 150 cc. of ligroin 
were added and the flask was cooled in an ice bath. The crystals, filtered 
from solution and washed with cold ligroin, weighed 13.4 gm. and melted 
at 107-107.5°. When the product was mLxed with the analytical sample 
of VI from V, the melting point was 106-108°. [a]o = +195° + 2° (28.9 
mg. in 3 cc. of methanol). 

3{a)-HydTOxy-12-k€to-A^*^^-chol€nic Acid {VIII) from II — 1 gm. (0.(X)256 
mole) of 3(a),12-dihydroxy'-A®*^'-cholenic acid (II) was dissolv^ed in 50 cc. 
of acetic acid and 4 cc. of water. The flask was cooled in an ice bath and 
2.7 cc. of 1.88 N chromic acid (2 equivalents) diluted to 20 cc. with acetic 
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acid were added dropwise over a period of 70 minutes to the solution stirred 
mechanically. After 2 hours at room temperature the acetic acid was 
removed under reduced pressure and the residue was dissolved in 100 cc. 
of 0.2 N sodium hydroxide. The alkaline solution was poured into 300 cc. 
of boiling water which contained 20 cc. of n hydrochloric acid. The granu- 
lar precipitate was separated by filtration and dissolved in 3 cc. of acetone, 
2 cc. of water were added, and the solution was cooled in an ice bath. Th#' 
product which separated was filtered from solution and washed with ice- 
cold 50 per cent acetone. The product, crystallized from acetone and water 
five times, melted at 177-177.5°. [a]o = +114° db 2° (33.3 mg, in 3 cc. 
of methanol). When the crystals were mixed with an authentic sample of 
3(a)-hydroxy-12-keto-A®'^^-cholenic acid (VIII), m.p, 177.5-178°, the melt- 
ing point of the mixture was 177-177.5°. [ajn == +113° ± 2° (33.5 mg. 
of the authentic sample in 3 cc. of methanol) (6-8). Selective oxidation 
of the hydroxyl group at C 12 of desoxycholic acid has been reported (10). 

Methyl 3{(xyAcetoxy-12-vxethoxy-L'^*^^-cliolenaie {IX) from XI — 4.18 gm. 
(0.01 mole) of methyl 3(a)-hydroxy-12-methoxy-A^'^'-cholenate (XI) were 
dissolved in 10 cc. of acetic anhydride and 10 cc. of pyridine at room tem- 
perature. After 44 hours chipped ice and about 100 cc. of water were 
added; the crystals which separated were filtered and dissolved in benzene. 
The benzene solution was washed with dilute sulfuric acid, with a solution 
of sodium bicarbonate, and with water, dried with sodium sulfate, and con- 
centrated under reduced pressure. The last traces of benzene were re- 
moved by the addition of 20 cc. of methanol and concentration under 
reduced pressure. The residue was dissolved in about 15 cc. of methanol, 
and the solution was cooled in ice and diluted with cold 75 per cent meth- 
anol. The product, filtered from solution and washed with 75 per cent 
methanol, weighed 4.12 gm. and melted at 100.5-101.5°. Recrystalliza- 
tion from methanol gave a product which melted at 102-103°. [«]» = 

+140° db 2° (29.8 mg. in 3 cc. of chloroform). 

CiiH 440 fi. Calculated, C 73.00, H 9.63; found, C 72.80, H 9.36 

S{a)~Hydrozy-i2-7nethoxy-A^ *^^-cholenic Acid {X) from XI — 5 gm. of 
methyl 3(a)-hydroxy-12-methoxy-A^*“-cholenate (XI) were dissolved in 
200 cc. of warm methanol. The flask was cooled to 15°, 40 cc. of normal 
sodium hydroxide solution were added, and the solution was allowed to 
remain at room temperature overnight. The solution was concentrated 
to about 25 cc. under reduced pressure, diluted with 400 cc. of water, and 
concentrated to 350 cc. to remove the last traces of methanol. 200 cc. of 
benzene and 40 cc. of normal hydrochloric acid were added with stirring; 
the benzene phase was separated, washed with water, dried wth sodium 
sulfate, and evaporated to about 25 cc. Crystals which separated after 
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addition of 10 cc. of ligroin were filtered, washed with ligroin, dissolved 
in 60 cc. of ethyl acetate, and recr>'stallized bj' addition of 105 cc. of ligroin 
at 0®. The product, 4.5 gm., melted at 147-*148®. Recrystallization from 
lO cc. of acetone by the addition of 4 cc. of water raised the melting 
point to 148.5-149°. la)o = 4-138° db 2° (c = 0.51 in chloroform). 

C3»H4o04. Calculated. C 74.22, H 9.96, CHiO 7.67 
Found. ** 74.22, “ 9.75, “ 7.73 

Methyl S{a)-Hydroxy'’12’meihoxy-^'^'^^~choleruUe {XI) from II — 10.2 gra. 
of 3(a),12-dihydrox3"-A®*“-cholenic acid (II) were dissolved in 100 cc. of 
methanol and 0.2 cc. of concentrated hydrochloric acid was added. After 
16 hours at room temperature large transparent ciystals had separated. 
After concentration of the solution a total of 9.2 gm. was obtained. After 
recrystallization from methanol the melting point was 160-161°. [a]o = 
4-132° zb 2° (30.0 mg. in 3 cc. of chloroform); [a]^ = 4-130° =b 2° (30.9 
mg. in 3 cc. of methanol). 

C:,H4204. Calculated, C 74.59, H 10.11; found, C 74.43, H 10.05 

XI from III — 100 mg. of methyl 3(o!),12-dihydroxy-A®*'^-cholenate (III) 
were dissolved in 10 cc. of methanol at room temperature, and 2 drops of 
concentrated hydrochloric acid were added. After 18 hours the methanol 
was concentrated to about 1 cc. under reduced pressure and the ciy’stals 
which separated were recrystallized from methanol. The melting point 
was 160-161° and a mixture of the crystals with a sample of XI from II 
melted at 160-161°. [ajo = 4-130° 2° (c = 1 in methanol). 

XI from X — 875 mg. of 3(a)-hydroxy-12-methox3''-A’-'^“cholemc acid 
(X) were esterified in 50 cc. of ether with diazomethane. The ether solu- 
tion was washed with dilute hydrochloric acid and water, dried with sodium 
sulfate, and concentrated to dryness under reduced pressure. The residue 
was crystallized from methanol and gave a product which melted at 158- 
160°; when mixed with a sample of XI from II, the melting point was 
159-160°. [a]o = 4-130° =b 2° (c = 1 in methanol). 

XI from IV — 100 mg. of methyl 3(oc),12-diacetoxy-A®»^^-cholenate (IV) 
were suspended in 2 cc. of a methanolic solution which contained hydro- 
chloric acid.= The flask was allowed to remain at 17° for 5 da 3 ’s. During 
this inter\’^al the starting material dissolved and crj’stals separated. The 
crystals, filtered from solution and washed with ice-cold dilute methanol, 
weighed 65 mg. and melted at 157.5-158.5°. After recrystallization from 

» The solution was 84 per cent methanol, 16 per cent water, and contained 1 n 
hydrochloric acid. It was prepared by the addition of 1.67 cc. of 12 n aqueous hydro- 
chloric acid and 1.95 cc. of water to 16.8 cc. of methanol. The reasons for the use of 
this solution wll be given in a later communication. 
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2 cc. of 85 per cent methanol, the melting point was 160-161°, and showed 
no depression on mixture with an authentic sample of XL [a]o = 
+132° dz 2° (31.2 mg. in 3 cc. of chloroform). 

XI from VI — 446 mg. of methyl 3(a)-hydrox3’'-12-acetoxy-A®’^'-cholenate 
(VI) were dissolved with agitation in 2 cc. of a methanolic acid solution 
described in the preceding paragraph. After 72 hours at 17°, 382 mg. of 
material which separated were filtered from solution and washed with cold 
75 per cent methanol. After recr 3 '’staIlization from methanol the melting 
point was 159-160°. The melting point of a mixture with an authentic 
sample of XI was 161-1 62°. [a]^ = +133° db 2° (30.8 mg. in 3 cc. of 

1 chloroform). 

XI from IX — 460 mg. of method 3(a)-acetox3^-12-methox3"-A® ''^-cholenate 
(IX) were added to 18 cc. of a methanolic acid solution as in the preceding 
paragraph. The flask was allowed to remain at 17° for 6 days, during 
which time ciystals separated. The product, 296 mg., melted at 158-160°; 
after recr 3 '^stallization from 3 cc. of 85 per cent methanol, the melting point 
was 160-161°. When the product was mixed with an authentic sample of 
XL the melting point was 161-162°. [a]^ = +132° db 2° (30.1 mg. in 

3 cc. of chloroform). 

XI from Methyl Ester of I — 11.0 gm. (0.0200 mole) of methyl 3(a)- 
hydroxy-11, 12-dibromocholanate (4) were refluxed for 6 hours in 800 cc. 
of methanol which contained 4 gm. of sodium hydroxide. The methanol 
was removed under reduced pressure and the residue was dissolved in 200 cc. 
of water. 200 cc. of benzene were added to the flask and the sodium salt 
was acidified with acetic acid and shaken. The benzene was washed vnih 
water, dried with sodium sulfate, and removed under reduced pressure. 
The oily residue was esterified with diazomethane in ether. Crystals 
separated from the ether on evaporation. After recrystallization from 
ether, 593 mg. of the product melting at 160-161° were obtained which 
did not depress. the melting point of XI (161-163°). [ajo = +131° zfc 
1° (40 mg. in 4 cc. of chloroform). 

Methyl 8-Keio-12-7nethoxy~A^ *^^-cholenate {XII) from XI — 1.2 gm. (0.003 
mole) of methyl 3(a)-hydroxy-12-methoxy-A®'^^-cholenate (XI) were dis- 
solved in 5 cc. of chloroform and 10 cc. of acetic acid and chilled in ice 
water. 12 cc. of 2 N chromic acid in acetic acid (8 equivalents) were added 
and the solution was kept in the ice bath 30 minutes and at 25° for 5 hours. 
Water was added and the aqueous phase was extracted with chloroform. 
Titration of the aqueous phase indicated the reduction of 4.7 equivalents 
of chromic acid. The chloroform solution was washed with water, dried 
with sodium sulfate, and evaporated under reduced pressure. The residue 
was dissolved in 150 cc. of a mixture of petroleum ether and benzene in the 
ratio of 1:2. The solution was passed through a column of 40 gm. of 
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aluminum oxide and the material was eluted ^rith twelve 400 cc. portions 
of petroleum ether and benzene (1:2). The eluted material, 623 mg., was 
crj'stallized from methanol and water and then from ligroin. 415 mg. of 
crystalline product which melted at 9S-09® were separated, = 

+ 110° i 1° (45.7 mg. in 5 cc. of chloroform). 

CmH^oOi. Calculated, C 74.96, H 9.6S; found, C 74.75, H 950 

XII from XIII — ^200 mg. of 3'keto-12-hydrox3'-A®*^^-cholenic acid (XIII), 
m.p. 190^191°, were dissolved in 20 cc. of methanol and 0.28 cc. of concen- 
trated hydrochloric acid was added. After 4.5 hours at room temperature 
the methanolic solution was diluted >vith water until crystals separated. 
After two recrj-stallizations from methanol and water, 100 mg. of a product 
were obtained which melted at 99.5-100°, and when mixed vdth. the oxida- 
tion product of XI with chromic acid, the melting point was 98.5-99.5°. 
[a]» = +112° zt 2° (33.7 mg. in 3 cc. of chloroform). 

3'KclO’12-hydroxi/-A^'^^-cholenic Add {XI 11) from VI — 3.35 gm. (0.0075 
mole) of methyl 3 («)-h3'droxy-12-acetoxy-A® ‘“-cholenate (VI) were dissolved 
in 90 cc. of glacial acetic acid and cooled to 15°. 23.9 cc. of 1.88 n chromic 
acid in acetic acid were added slowly, and the temperature was maintained 
between 13-15° for 30 minutes. The solution was poured into a flask 
which contained 200 cc. of benzene and 500 cc. of water. The benzene was 
separated and the aqueous phase was extracted with 50 cc. of benzene. 
The benzene solutions were combined and washed with water, a dilute 
sodium bicarbonate solution, again with water, and were dried vdih sodium 
sulfate and evaporated under reduced pressure. The residue was dissolved 
in 40 cc. of methanol to which were added 2.5 cc. of 18 N aqueous sodium 
hydroxide. After 16 hours at 25° and 20 hours at 50°, 200 cc. of water 
were added and the methanol was removed under reduced pressure. The 
solution was made to 200 cc. with w'ater, 100 cc. of benzene were added, 
and the solution w^as acidified writh a slight excess of acetic acid. The cr>’s- 
tals, 2.75 gm., which separated from the benzene melted at 186-187°, and 
after reciystallization from acetone-water, the melting point w*as 190.5- 
191.5°. (ajft ~ +71° i 2° (31.7 mg. in 3 cc. of chloroform). 

CjtHjtOi. Calculated, C 74.19, H 9.34*, found, C 73.97, H 9.20 

XIII from VII — 5.34 gm. (0.01 mole) of 3-keto-ll,12-dibromocbolanic 
acid (VII) were dissolved in 100 cc. of 95 per cent ethanol and 100 cc. of 
w'ater which contained 3.36 gm. of sodium bicarbonate. After 20 hours at 
55° the alcohol was removed under reduced pressure; 200 cc. of benzene 
were added and the mixture was acidified with 7 cc. of 50 per cent acetic 
acid. The benzene w'as washed three times with 200 cc. portions of wafer 
and concentrated under reduced pressure. Crystals separated when the 
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volume was about 40 cc. The product weighed 1.6 gm. and after recrys- 
tallization once from ethyl acetate and ligroin and twice from ethyl acetate 
effervesced at 115°, resolidified, and melted at 190.5-191.5°. When the 
crystals were mixed with a sample of XIII from VI, the melting point was 
190.5-191.5°. [ajo = -}-73° ± 1° (40 mg. in 4 cc. of chloroform). 

S,lS-Dikeio-A^ '^'■-cholenic Add [XIV) from XV — 100 mg. of methyl 3 , 12- 
diketo-A®''*-cholenate (XV), m.p. 129.5-130.5°, .were dissolved in 10 cc. 
of ethanol and 10 cc. of 0.1 n sodium hydroxide. The solution was wanned 
for 1 hour at 50°. 12 cc. of 0.1 N sulfuric acid were added and the ethanol 

was removed under reduced pressure. The crystals which separated, 

Table I 


Specific Rotation of Compounds XIV and A’T 


Compound 

1 

M.p. 

Specific roUtlon in I’jirlous solvents, c » 

1 

CHCIi I 

CHCIj 

0.001 N 

HCI 

CHiOH 

CHjOH 

4“ 

0.001 N 

HCI , 

Acetone 

Acetone 

O.COlN 

HCI 

i 

•c. 







XV 

131 -132 

77 

94 

87 i 

106 

74 

75 

Methyl 3, 12-diketo- 

131 -133 ) 

93 

93 

96 

101 

89 

90 

cholanate 








XIV, 3 samples 

197 -198 

67 ±4 







198 -199 i 

72 dr 2 







199 -200 

82d=2 




i 


XV, 3 “ 1 

130 -131 1 

68 dr 2 


i 


i 


I 

129.5-130.5 

64d:2 







131 -132 

77 dr 2 







filtered from solution and washed with water, melted at 193-195°. AVhen 
recrystallized twice from acetone and water and dried at 100° and 13 mm. 
pressure, the product melted at 197-198°. [«]„ = -fG7° ± 4° (18.7 mg. 

in 3 cc. of chlorofonn) ; see Table I. 

CkHuOl Calculated, C 74.57, H 8.86; found, C 74.59, H 9.02 

XIV from XIII — 100 mg. of 3-keto-12-hydroxy-A''’'‘-cholenic acid 
(XIII) were dissolved in 9 cc. of acetic acid and 1 cc. of water. Tlie flask 
was cooled in an ice bath and 0.6 cc. of 1.88 N chromic acid in acetic acid 
was added. After 10 minutes in the ice bath the flask was kept at room 
temperature for 1 hour, water was added, and the solution was extracted 
with ether. The ether was washed with u-ater, dried with sodium sulfate, 
and removed under reduced pressure. The residue was crj^stallized from 
acetone by the addition of a small amount of water. The melting point 

















TURNER, MATTOX, ENGEL, MCKENZIE, .AND KEND.ALL 


o83 


was 19&-198°, Recrystallization from acetone and water gave 63 mg. of 
a product which melted at 198-199°. When these crystals were mixed 
with a sample of XIV prepared from VIII, the melting point was 199-200°. 
[a]s = +72° =t 2° (29,7 mg. in 3 cc. of chloroform) ; see Table I. 

XIV from VJII — 776 mg. (0.002 mole) of 3(a)-hydrox3’-12-keto-A®*“- 
cholenic acid (VIII) were dissolved in 5 cc. of benzene and 20 cc. of acetic 
acid. The solution was cooled in an ice bath and 2.5 cc. of 2 n chromic acid 
were added. After 30 minutes in the ice bath the flask was kept at room 
temperature for 1.5 hours. Water and benzene were added; the benzene 
was washed v*ith water, dried with sodium sulfate, and removed under 
reduced pressure. The residue, after crystallization from an acetone- water 
mixture, weighed 598 mg. The melting point was 199-200°. The melting 
point of the crystals mixed with a sample of XIV from II was 199-200°. 
[ctjo = +82° rb 2° (30,5 mg. in 3 cc. of chloroform) ; see Table I. 

Methyl 3 jlS-Diketo-A^^^^-ckolenale {XV) from II — The oxidation of 
1.95 gm. of 3(a),12-dihydro.\y-A®''^-choIenic acid (II) with chromic acid 
was carried out in 20 cc. of glacial acetic acid and 20 cc. of 2 n chromic acid 
in acetic acid, at 12-15°. After 30 minutes 4.5 equivalents of chromic acid 
had been reduced. Water and benzene were added; the benzene was 
washed with water, dried over sodium sulfate, and removed under reduced 
pressure. The crude oxidation product was esterified ^vith diazomethane 
and the methyl ester was subjected to chromatographic adsorption and 
elution from a column of 60 gm. of aluminum oxide. The portion eluted 
by benzene which cpntained 0.1 per cent methanol weighed 1.45 gm., and 
when recrystallized from ligroin (b.p. 70-90°) to constant melting point 
and dried in a vacuum at 100° for 2 hours, melted at 130-131°. [«]» = 

+68° ± 2° (38.2 mg. in 4 cc. of chloroform) ; see Table I. 

C:iHji 04 . Calculated, C 74.96, H 9.05; found, C 75.04, H 9.09 

XV from XI — From the oxidation of 1.2 gm. of methyl 3(a)-hydro.\'y-12- 
methoxy-A’ ‘“-cholenate (XI) (see XII from XI), 71 mg. of material were 
eluted from the column of aluminum oxide with benzene. After two 
recrystallizations from ligroin the melting point was 129.5-130.5°. [ajo = 
+64° =h 2° (20.3 mg. in 4 cc. of chloroform). VTien the ciyTstals were 
mixed with the methyl ester of the product obtained by oxidation 
of 3(a),12-dihydroxy-A®-'*-cholenic acid (II), the melting point was 
128.5-130.5°. 

SUMMARY 

The preparation and properties of 3(a),12-dihydro\y-A®-“‘Cholenic acid 
and twelve closely related compounds with hydroxyl, acetoxjd, methoxjd, 
or ketone groups at Cj and Ci; are described. 
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THE INTRODUCTION OF .VN lUHYDROXYL GROUP IX 
12-TvETOSTEROIDS* 


Bt BYRON RIEGEL and ROBERT BRUCE MOFFETT 
{From the Chemical Laboratory of Korthxccstern University, Evanston) 

(Received for publication, September 8, 1945) 

The most active hormones of the adrenal .cortex, in their effect on car- 
boh 5 ’drate metabolism, contain oxj'gen atoms attached at the 11 position 
of the steroid nucleus. A systematic study of the preparation of com- 
pounds containing a hydroxjd group in the 11 position has been made es- 
sentially according to the procedures reported (1, 2) for the preparation of 
3,ll-dihydroxj"-12-ketocholanic acid. This was accomplished by brom- 
inating 3-acetoxj'-12-ketocholanic acid and hj'drolj’zing the resulting mono- 
bromide. This method is similar to that used b 3 " Wieland and Postemak 
(3) and by Barnett and Reichstein (4) for the preparation of ll-hydroxj'- 
i2-ketocholanic acid. 



• Submitted to the Advisory Committee on Publications, National Research Coun- 
cil, March 9, 1944. 


5S5 



586 


12-ketosteroids 


The method has been extended, in this investigation, to the preparation 
of the nor, bisnor, and etio homologues (IV) of 3,ll-dihydroxy-12-keto- 
cholanic acid. In the case of the bisnor acid (IV, R = — CH(CH 3 )COOH) 
the free acid did not crystallize readily and was characterized as its methyl 
ester which was compared to meth 3 d 3-hydroxy-12-ketobisnorcholanate and 
found to be quite different. 

Epimeric mixtures would be expected from this series of reactions. 
Their separation, as free acids, is very difficult. The methyl ester of the 
bisnor acid was, however, separated into two nicely crystalline fractions, 
one melting at 70-80° and giving a specific rotation of +67° =t 2° and the 
other melting at 146.5-147.5° and giving a specific rotation of +62° zt 1°. 
In the case of the etio acid fractional crystallization of the reaction product 
appeared to give two different compounds. The least soluble fractions 
had the lower rotations, When methanol was used as the solvent, two 
distinct crystalline forms were obtained which were long needles and short 
thick prisms. The fact that they could be readily changed from one form 
to the other indicated that they might be dimorphic forms of only one sub- 
stance. The needles separated when concentrated solutions were rapidly 
cooled, and prisms when the solutions were allowed to cool slowly. Prisms 
were also obtained when dilute solutions were allowed to evaporate slowly. 

The authors wish to thank the Abbott Laboratories, the Glidden Com- 
pany, and The Upjohn Company for the financial aid that made this work 
possible. 


EXPERIMENTAL^ 

S fll-Dihydroxy-12-keionorcholanic Add — solution of 4 gm. of 3-hy- 
droxy-12-ketonorchoIanic acid (5) in 12 ml. of acetic acid and 2 ml. of 
acetic anhydride was refluxed for 1 hour. To the cooled solution were 
added 30 ml. of acetic acid and 5 ml. of acetic acid saturated wdth hydrogen 
bromide. With stirring at a temperature of 50-60° a solution of 0.6 ml. of 
bromine in 30 ml. of acetic acid was slowly added during a period of 2 hours. 
The stirring and warming were continued for about 4 hours more and then 
the solution was cooled and poured into 500 ml. of water. The 3-acetoxy- 
ll-bromo-12 ketonorcholanic acid separated as a flocculent precipitate and 
was collected on a filter and dried. The yield was about 5 gm. 

The crude bromo compound was dissolved in 100 ml. of 20 per cent 
methanolic potassium hydroxide and the solution was refluxed for 20 min- 
utes. After being diluted to about 1 liter with water the solution was acidi- 
fied and the precipitate was collected on a filter and dried. The yield was 
3.8 gm. of an almost white amorphous powder. This crude 3,11-dihy- 

1 All melting points are corrected. Analyses by Dr. T. S. Ma, University of 
Chicago. 
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droxy-12-ketonorchoIanic acid could be easily crystallized from benzene 
containing a little methanol or from 50 per cent aqueous ethanol, but the 
crystals (m.p. 180-195®) were not pure. The mixture was separated by 
fractional crystallization from 50 per cent aqueous ethanol. The less 
soluble fraction proved to be unchanged 3-hydroxj'-l2-ketonorcholanic 
acid and the more soluble fraction the desired 3,ll-<iihydrox3'-12-ketonor’- 
cholanic acid, m.p. 201-205®. The jdeld was small. 

0\^ing to the unreactive nature of the keto group in 3,ll-dihydroxy-12- 
ketonorcholanic acid a better method was developed for its purification. 
Most of the starting material and other impurities could be removed by 
conversion to their semicarbazones; the desired product, however, did not 
react under the conditions used. A mixture of the crude reaction product, 
4 gm. of semicarbazide hydrochloride, 4 gm. of sodium acetate, 125 ml. of 
95 per cent ethanol, and 40 ml. of water was refluxed for 2 hours. Part of 
the solvent was removed by distillation and the mixture was poured into 
500 ml. of water. The precipitate was collected, dried, and extracted 
with ether in a Soxhlet extractor. Concentration of the ether solution 
gave material which after one crystallization from 50 per cent ethanol 
melted at about 200® and weighed 2.15 gm. (52 per cent based on 3-hydroxy- 
12-ketonorcholanic acid). A sample crystallized from benzene and twice 
from 50 per cent ethanol (decolorizing charcoal was used the second time) 
gave a product melting at 203-207°; [a]? = +48® =b 1° (40.1 mg. made up 
to 2 ml. with 95 per cent ethanol, a = +1.01® =fc 0.01°; f, 1 dm.). 

Analysis — CjiHjiOs. Calculated, C 70.37, H 9.25; found, C 70.37, H 9.08 

Methyl 3 ,ll-Dihydroxy-12‘J:elohi$norcholanaie — By a method similar to 
that used for the nor acid a yield of 1 .7 gm. of crude 3-acetoxy-ll-bromo-12- 
ketobisnorcholanic acid was obtained from 1.33 gm. of 3-hydro3y-12-keto- 
bisnorcholanic acid (5). This crude bromo compound was hydrolyzed by 
methanolic potassium hydroxide in a manner similar to that described for 
the nor acid, ^ving 1.2 gm. of crude amorphous 3,ll-d3iydroxy-12-keto- 
bisnorcholanic acid which melted at about ^5-210® after sintering at US- 
130®. 

This crude acid was esterified by dissolving it in 20 ml. of methanol, 
adding 1 ml. of acetyl chloride, refluxing for 15 minutes, and then allowing 
it to stand overnight. The solution was poured into ice water and ex- 
tracted with ether. The ether solution w’as washed with 5 per cent so- 
dium carbonate solution, then with water, and dried over sodium sulfate. 
The ether w’as removed and the residue crystallized from a mixture of 
methanol and w^ater hy allowing the solution to evaporate slowly. The 
first crop of needles (0.22 gm.) melted at 75-83° and after two more crystal- 
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lizations melted at about 70-80®; [a]^ ~ +67® ± 2® (3L7 mg. made up to 
2 ml. with 95 per cent ethanol, a = +1.0G® db 0.02®; Z, 1 dm.). 

Analysis — CjjIIsfiOs. Calculated, C 70.37, H 9.25; found, C 70.59, H 9.65 

By concentrating the filtrate from the first fraction and fractionally 
crystallizing the product from aqueous methanol a sample (0.076 gm.) 
of nicely crystalline material melting at 146.5-147.5° was obtained; 

= +62® dz 1® (40.4 mg. made up to 2 ml. with 95 per cent ethanol, a = 
+1.25® =b 0.02®; Z, 1 dm.). 

Analysis— Calculated, C 70.37, H 9.26; found, C 70.18, H 9.31 

Alethyl 3-Hydrocnj-l£-ke(ohisnorcholanaie — A 0.5 gm. sample of 3- 
hydroxy-12-ketobisnorcholanic acid was methylated by a procedure 
similar to that described above. On concentration of the ether solution 
the ester separated in crystals melting at 164“166®. Crystallization from 
aqueous methanol and then from a mixture of ether and petroleum ether 
gave 0.231 gm. of ester melting at 165-167°. 

Analysis — CjjHscO^. Calculated, C 73.36, H 9.64; found, C 73.48, H 9.41 

3 ,11 -Dihydroxy-1 2-ketoettocholanic Acid — ^From 1.446 gm, of 3-hydroxy- 
12-ketoetiocholanic acid (5) were obtained 1.914 gm. of crude 3-acetoxy-ll- 
bromo-12-ketoetiocholanic acid by a method similar to that used for the 
nor acid. This crude bromo acid .was hydrolyzed by methanolic potassium 
hydroxide, as described above. The product crystallized from methanol, 
giving 0.74 gm. of material melting at 242-245°; [a]p® = +64® db 2® (28.6 
mg. made up to 2 ml. with 95 per cent ethanol, a = -f-0.92® ±. 0.02®; Z, 
1 dm.). Concentration of the mother liquors gave an additional 0.2 gm. 
of crystalline material. 

Fractional crystallization, from methanol, of this and the products from 
other runs gave many fractions, all of which had nearly the same melting 
points, but their rotations varied widely. One of the less soluble fractions 
(prisms) melted at 244-248®; [a]f = +57.5® db 2® (21.2 mg. made up to 2 
ml. wth 95 per cent ethanol, a = +0.61® db 0.01°; Z, 1 dm.). 

Analysis — C 20 H 30 O 5 . Calculated. C 68.55, H 8.63 

Found. 68.74, 69.01, " 8.89, 8.64 

From the same run a more soluble fraction melted at 238-240° on the 
Fisher-Johns melting point block. 

Analysis — Found, C 69.16, H 8.88 

One of the fractions with a higher specific rotation melted at 242-250°; 
[a]f =r +87° ± 2° (20.2 mg. made up to 2 ml. tilth 95 per cent ethanol, 
a = +0.88° ± 0.02°; I, 1 dm.). 
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SIJiIiL\RY 

1. The nor, bisnor, and etio homologucs of 3, 11 -dihydroxy- 12-ketocho- 
lanic acid have been prepared from the corresponding 3-acetoxy“12'keto- 
cholanic acids by first brominating and then hydrolyzing the brorao 
compounds. 

2. These reactions should give epimeric mixtures Avhich Mere separated 
in the bisnor series. 
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THE STRUCTURE OF SOME DERIVATIVES OF 3(a)-HYDROXY- 
A’-“-CHOLENIC ACID 

Br LEWIS HASTINGS SARETT 

(From the Research Laboratories of Merck and Company, Inc., Rahway, New Jersey) 

(Received for publication, September 8, 1945) 

From the unsaturated steroid 3(a)-hydroxy-A®'“-choleiiic add Kendall 
and CO workers prepared two derivatives which appeared to be possible 
intermediate compounds in the partial synthesis of some of the hormones 
of the adrenal cortex (1). The first compoxmd was an acid QaiHaO^ (II) 
obtained by treatment of 3(Qr)-hydroxy-ll,12-dibromocholanic acid with 
dilute aqueous sodium hydroxide. The second derivative (III) was ob- 
tained by treatment of II Avith mineral acid in methanol. The work de- 
scribed in this paper was undertaken at the request of the above authors 
before the determination of the structure of these compounds had been 
completed. The results of this investigation indicate that the structure of 
II is 3 (or) , 12-dihydroxy-A® • “-cholenic acid* and that III has the structure 
methyl 3 (a)-hydroxy-12-methoxy*A® • **-cholenate. 

The formulation II for the acid was based on the following reac- 

tions. The methyl ester of II gave a diacetate (IV) with pyridine and ace- 
tic anhydride. Alkaline hydrolysis of the diacetate regenerated the orig- 
inal dibydroxy acid. Mild oxidation of II with chromium tri oxide gave a 
new acid of melting point 194° (W). That the oxidation had affected only 
the Cs-hydroxyl group was shown not to be the case by oxi diring 3(a)- 
hydroxy-ll,12-dibromocholanic acid (I) to the corresponding keto acid 
(VTI) and treating the latter with dilute sodium hydroxide to give a 
hydroxy keto acid (V) different from VT. The absorption spectrum of VT, 
for the determination of which the author is indebted to Mr. W. A. Bas- 
tedo, Jr., of this laboratory, showed the presence of an a,/?-unEaturated 
ketone group- Finally it was clearly shown to have the structure VI by 
its formation from oxidation of an authentic sample of 3(a)-hydroxy-12- 
keto-A® * **-cholenic acid, kindl 3 ^ supplied by Dr. Everett S. Wallis of 
Princeton University. 

It was found by Kendall and coworkers (1) that the empirical formula 
of the product III obtained by treatment of II with mineral acid in meth- 
anol was They also showed that the compound was a methyl 

ester of an acid which contained a methoxyl group. A study of the action 
of acetic acid and perbenzoic acid on this compound supported this for- 

' It ia of interest to note here the similarity between 3 -hydroxy -II, I2-dibromo- 
cholanic acid and 2,3-dibromocholanic acid in their reactions with alkali (2). 
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mulation and indicated that its structure Avas methyl 3(a)-hydrox3^-12- 
methoxj’-A® • "-cholenate. 

Acetic acid brought about cleavage of the methyl ether to give the acetate 


CH,0 CiHjCO-CH, OH C 4 HSCO 2 H 



HON 

(X) 


of II. With III perbenzoic acid gave a hydroxy methoxy oxide O^II) 
which was stable toward acetic anh 3 ^dride at 100° and relativelj" stable 
toward mineral acids. This oxide readily gave a keto methoxy oxide (IX), 
thence a methoxy oxide oxime (X). 

In order to study the effect of oxidizing agents on Hing C in III, it seemed 
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desirable at an early stage in the work to convert III to the 3-desoxy acid 
(XIII). This was accomplished by conversion of III to the tosylate (XI), 
refluxing the latter with collidine, and hydrolysis to the corresponding 
unsaturated acid (XII), followed by hydrogenation* to 12-methoxy-A*'”- 
cholenic acid (XIII) (c/. (3)). The latter was converted to the methyl ester 


III 


CHjO C<H,CO:CH, 


Ai/*' 


<#.SO.Cl 


/\l 


<#iSO. 


/V 


(XI) 


Collidine 


then NaOH 


cn,o C4 HsCO:Ii ch,o C4H.co.h 



CH,0 CiHsCOsCH, 



and treated with perbenzoic acid. It reacted at a moderate rate to give the 
cr 3 ’’stalline oxide (XIV). 

No significant products could be isolated from the action of other oxidiz- 
ing agents on XIII. It was found that XIII was stable to alcoholic sele- 
nium dioxide and to osmium tetraoxide. Bromine in acetic acid reacted 
over a period of 10 minutes to give a crystalline product containing ap- 

2 Carried out by Dr. Ralph Mozingo of this laboratory. 
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proximately 1 atom of bromine. Chromic acid and potassium perman- 
ganate reacted slowly; the products could not be obtained pure. 

The author wishes to express his appreciation to Dr. Kandolph T. Major 
and to Dr. E^rl Folkers for their active interest in this work. To Dr. 
Everett S. Wallis of Princeton University is due the author's appreciation 
for his stimulating suggestions and close association with this work. 

EXPERIMENTAL* • ^ 

3 {ayHydroxy-i 1 , 1 2-dihTQmoch6lanic A Cid (/) , d(a) , 12-Dihydroxy-A^ * 
cholenic Acid (//)> Methyl 3(a)-Hydroxy-12-m€thoxy-A^' ^^-cholenate (///) — 
The details for the preparation of these compounds are contained in two 
papers by Kendall and coworkers (1, 4). 

8 ,12-Dikeio-A^ • ^^-cholenic Acid (VI); (a) from 1 1 — ^To a solution of 500 
mg. of 3,12-dihydroxy-A®* “-cholenic acid-ether complex in 40 cc. of glacial 
acetic acid a solution of 500 mg. of chromium trioxide in 20 cc. of 50 per 
cent acetic acid was added dropwise with stirring at 15®. The mixture was 
permitted to stand for 1 hour, diluted with water, taken up in ether, washed 
thoroughly with water, dried, and evaporated to a small volume. The 
crystalline product after two recrystaUizations from ether had a melting 
point of 194°. [ot]?^ = +83°- Xm*x- == 243 m/i; « ~ 1-22 X 10^ (absolute 
alcohol). Yield, 300 mg. 

.Analysta — CnHuOi. Calculated, C 74.57, H 8.87; found, C 74.48, H 8.88 

The methyl ester, prepared vith diazomethane, melted at 130°. 

(5) From 3(a)-Hydroxy-12-keto-A^* ^^<holenic Acid — ^To a solution of 102 
mg. of an authentic sample of 3(a)-hydroxy-12-keto-A®' “-cholenic add in 
10 cc. of acetic acid was added dropwise uith stirring at 15° a solution of 
50 mg. of chromium trioxide in 2 cc. of 50 per cent acetic acid. After 1 hour 
the mixture was worked up in the customary manner. The initial product 
crystallized from ether had a melting point of 193-194°, which was not de- 
pressed on admixture with a sample prepared by method (a). 

3-Keto-ll jl2-dibromockolanic Acid (VII) — To a solution of 1 gra. of 
3(a)-hydroxy-ll ,12-dibromocholanic add in 60 cc. of acetic acid at room 
temperature were added 500 mg. of chromium trioxide in 10 cc. of 95 per 
cent acetic acid. After 1 hour the solution was diluted with water, gidng 
750 mg, of crystalline product, m.p. 178° with decomposition. For 
analysis a sample was recrystallized from ether; m.p. 178-179°. 

* For the microanalyses carried out in connection with this work the author is 
indebted to Mr. D. F. Hayman, Mr. H. S. Clark, Mr. R. K. Boos, and Miss E. R. 
Hause. 

* All melting points are uncorrected; all rotations were taken in 95 per cent alcohol, 
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Analysis — Cj 4 H 33 CjBr 2 . Calculated. C 64.14, H G.82, Br 30.02 
Found. '' 64.52, 7.03, ** 30.48 

3-K€to-12-liydrox7j-A^ ^^^-cholcnic Acid (F) — K suspension of 550 mg. of 
3-keto-ll,12-dibromocho]anic acid in 20 cc, of water containing 1.0 cc. 
of 1 N sodium hydroxide and 1.6 gm. of borax ^Yas heated for 1 hour on the 
steam bath. Solution took place during the first 15 minutes. Tlie mix- 
ture was then cooled and acidified with dilute hydrochloric acid; the pre- 
cipitate was filtered, washed, dried, and recrystallized from ether. The 
pure product contained ether of cr 3 ’'stallization, which was given up at 119- 
120® Avith partial m^elting, then resolidification; it finally melted at 186-187®. 
A mixed melting point with the ether choleic acid of II showed a depression 
of 15-20°. For analysis and rotation a sample was dried at 118° at 25 mm. 
Wd = +85°. Yield, 200 mg. 

Analysis — C 24 H 3 « 04 . Calculated, C 74.18, 11 9.34; found, C 74.22, H 9.33 

Methyl 3{(x) ,12-Diaceioxy-A^^ ^^-cholenaie (/F) — 500 mg. of the ether 
choleic acid of 3(Q:),12-dihydroxy-A®' ^^-cholenic acid were converted to 
the methyl ester with diazomethane in ether-methanol. The solution was 
then evaporated on the steam bath. The residue w’as dried in vacno at 
100°, taken up in 0.8 cc. of pyridine and 0.7 cc. of acetic anhydride, and 
maintained at 80° overnight. It ^vas then dissolved in ether, washed 
successively with dilute potassium carbonate, dilute hydrochloric acid, 
and w^ater, dried, and evaporated on the steam bath. The residue w’as 
stirred with a few* drops of dilute methanol and kept in the ice box. After 
a few days the crystals were filtered off and washed witli cold dilute meth- 
anol. Yield, 400 mg.; m.p. 80-82°. After tw*o reciystallizations from 
dilute methanol fine wiiite needles w*ere obtained, m.p. 84-86°. Saponi- 
fication with hot methanolic sodium hydroxide and crystallization from 
ether gave II in quantitative yield. 

Analysis — C 28 H 440 a. Calculated. C 71.27, H 9.09, — COCH 3 17.6 
Found. “ 71.43, ** 9.05, '' 16.7 

3(cc) ,1 9-Dihydroxy -A^*^^-cholenic Add (II) from III — ^A solution of 
300 mg. of methyl 3 (a)-hydroxy-12-methoxy-A® * “-cholenate in 15 cc. of 
glacial acetic acid was heated on the steam bath for 16 hours. The solvent 
w*as removed in vacuo, and the residue taken up in 10 cc. of alcohol and 5 cc. 
of 20 per cent aqueous sodium hydroxide. The solution w^as refluxed for 
\ hour, the alcohol removed in vacxio, and the solution diluted with w'ater. 
Dilute hydrochloric acid w'as added, and the amorphous precipitate filtered 
off, washed with water, and taken up in absolute ether. The dihydrox^*- 
cholenic acid (II) separated rapidly in ciystalline form as the ether choleic 
acid, m.p. 146-147°, folloAved by rcsolidification and remelting at 190-191°. 
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A mixed melting point \Nltli an authentic sample of II showed no depression. 
As further identification the dihydroxj" acid was converted to the diacetate 
methyl ester which had a melting point of 84-86® and showed no depres- 
sion on admixture vdih an authentic sample of IV. 

Methyl 3(ayHydroxy-12-m€ihoxy-9,ll-oxidocholQna(€ (VIII) — LO gm. 
of meth}'! 3(a)*hydroxy-12-methoxy-A®' ^^-cholenate was dissolved in 10 
cc. of chloroform containing 580 mg. of perbenzoic acid. After 18 hours 
at 0®, 1.03 atoms of oxygen had been consumed. The chloroform solution 
was evaporated in vacuo imder a small volume of water; the cr^’stalline 
residue was taken up in ether, washed with dilute potassium carbonate, 
dried, and evaporated to a small volume, LO gm. of crystalline material 
was obtained, m.p, 178-180®, Eecrystallization from methanol raised the 
melting point to 180-181®. For analysis, a small sample was recty^al- 
lized several times from ether and dried at 110°. It then had a melting 
point of 181®. 

Analysts — CjiHcOs. Calculated. C 71 .S6, H 9.73 

Found. “ 71.92,71.93,“ 9.81,9.82 

Action of Sulfuric Acid and of Acetic Anhydride on VIII — (a) 200 mg. of 
Wn in 13 cc. of acetone and 1 cc, of water containing 2 drops of concen- 
trated sulfuric acid were permitted to stand at room temperature for 60 
hours. At the end of this time the solution was concentrated in vacuOy 
giving a nearly quantitative return of starting material; m.p. and mixed 
m.p. 177-180®. 

(5) 200 mg. of \TII in 13 cc. of acetone and 2 cc. of 10 per cent sulfuric 
acid were refiuxed for 1 hour; dilution of a sample of the solution then gave 
starting material, identified by melting point and mixed melting point. 
If the refluxing was continued for 7 hours, a brownish oil was obtained 
which, after separation into neutral and acidic fractions, could not be 
obtained crystalline. 

(c) 200 mg. of were dissolved in 2 cc. of acetic anhydride and left 
on the steam bath for 2 hours. The excess acetic anhydride was then de- 
composed with water; the product was taken up in ether, washed "with water 
and dilute potassium carbonate, dried, and evaporated on the steam bath. 
The colorless, oily acetate methyl ester was then saponified by boiling for 
10 minutes with a methanolic solution of sodium hydroxide, diluted with 
water, and acidified with dilute hydrochloric acid; the product was taken 
up in ether, washed with water, dried, and e%"aporated- Since the acid 
did not ciystallize at this point, it was dissolved in ether and treated with 
diazomethane. ^TII separated immediately; m.p. and mixed m.p. 180- 
181®. 

Methyl S-Kelo-12-meihoxy-9 ,ll-oxidock6lanaie (JX ) — ^A solution of 400 
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mg. of VIII in 20 cc. of acetic acid was treated dropwise with stirriiig at 
16® with 400 mg, of chromium trioxide in 14 cc. of 70 per cent acetic acid 
and allowed to remain at room temperature for IJ- hours. The product, 
worked up in the customary manner, was crystallized from pentane and 
after two recrystallizations from ether-pentane had a melting point of 85®. 

Analysis — C 21 H 40 O 6 . Calculated, C 72.19, H 9,31 ; found, C 71.99, H 9.24 

Oxime of IX — 90 mg. of IX were refluxed with 200 mg. of hydroxylamine 
hydrochloride and 200 mg. of potassium acetate in 5 cc. of 60 per cent 
alcohol. The solution was cooled, water was added to incipient turbidity, 
and the mixture left in the ice box. Fine, colorless needles of oxime slowly 
separated; m.p. 144-145®, not raised by recrystallization. 

Analysis— Calculated. C 69.77, H 9.23, N 3.20, — OCH, 13,8 

Found. 69.99, “ 9.50, ** 3.17, 12.9 

** 69.37, “ 9.18 

12-Meihoxy-£!i'^*^^-choladienic Acid {XII) — 10.5 gm, of III were dis- 
solved in 45 cc. of dry pyridine with warming. The solution was then 

rapidly chilled to 0°, treated with a cold solution of 5,6 gm. of p-toluene- 
sulfonyl chloride in 10 cc. of dry pyridine, and allowed to stand overnight 
at room temperature. A small volume of water was then added to decom- 
pose the excess acid chloride; the product was taken up in ether and washed 
successively with cold dilute hydrochloric acid, sodium carbonate, and 
water. After being dried over sodium sulfate, the solution was evaporated 
to a small volume on the steam bath, the remainder of the ether being re- 
moved in vacuo at room temperature. The oily tosylate was then taken 
up in 40 cc. of collidine and refluxed for I hour. The product was aken 
up in ether, washed with water and dilute hydrochloric acid, againt with 
water, and then evaporated on the steam bath. The unsaturated methyl 
ester was saponified by boiling with 1.5 per cent methanolic sodium hydrox- 
ide for 1 hour. The methanol was then removed in vacuOy and the residual 
sodium salts treated with dilute hydrochloric acid and ether. The ethereal 
solution was washed with water and treated with 50 cc. of cold 10 per cent 
sodium hydroxide. The ether layer was decanted and the precipitated 
sodium salts filtered on asbestos and washed with 10 per cent sodium hy- 
droxide. Acidification of the sodium salt with dilute hydrochloric acid, 
extraction with ether, and concentration of the solution gave pale yellow 
needles of the mixture of 2,3- and 3,4-unsaturated acids TOth a melting 
point var3dng from 150-160°. After recrystallization from dilute acetone 
and from ether the acid had a melting point of 162-163®; [a]^ — -b99®. 
Yield, 5.4 gm. 

Analysis— CnEtiOi. Calculated, C 77.68, H 9.91; found, C 77.39, H 10.22 
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12-Mcthoxy-^?'^^-cholenic Acid (XIJJ ) — 700 mg. of the mixttire of 
A®- and A--unsaturated acids (co'stallized once from ether and having a 
melting point of 150-152°) were dissolved in 150 cc. of methanol and shaken 
with 100 mg. of platinum oxide catalyst under 30 pounds of hydrogen. 
After 5 minutes of shaking, slightly more than the theoretical amoimt of 
hydrogen had been taken up. The catalyst was then filtered off, the solu- 
tion evaporated to a small volume in vacuo, and water added to turbidity. 
The product separated as colorless needles, m.p. 127-128°. Yield, 700 
mg. After tAvo recrystallizations from dilute alcohol the melting point 
was 133-133.5°. [cr]f = +141°. 

CisH^oO,. Calculated. C 77.2S, H 10.37, — OCH, 7.72 
Found. 77.24, “ 10.08, “ 7.84 

The methyl ester, prepared with diazomethane, crystallized from dilute 
acetone in nearly cubical form and had a melting point of 66°. 

CscH«0,. Calculated, C 77.57, H 10.50; found, C 77.63, H 10.70 

The acid and its methyl ester are stable to hot alcoholic selenium dioxide, 
chromium trioxide in acetic acid at 15°, aqueous alkaline permanganate, 
and osmium tetrao.xide in absolute ether. Hot nitric acid gave an oil. 

Reaction of 12-Methoxy-A^’^^-cholenic Acid wiih Bromine — 500 mg. of 
acid in 1 cc. of acetic acid and 5 cc. of ether were treated with 1.1 moles of 
bromine in 2 cc. of acetic acid. When the theoretical amount of bromine 
had been consumed (about 10 minutes at room temperature), the solution 
Avas diluted AAith ether, washed AAith dilute sodium bisulfite and then ex- 
haustively AAith AA^ater to remove acetic acid, dried, and concentrated in 
vacuo to a volume of about 1 cc. 3 cc. of pentane were then added and the 
solution permitted to stand at 0° overni^t. The crystals were then fil- 
tered off and washed AAdth pentane. Yield, 570 mg.; m.p. 122-128°. After 
a number of reco^stallizations from ether-pentane a colorless, ciy’stalline 
bromo acid with a melting point of 132-133° was obtained. Although 
analysis indicated that the bromine content was high, the carbon and hy- 
drogen A'alues were in good agreement with an empirical formula of CuHtj- 
OjBr. 

Analysts — CjsHjiOjBr. Calculated. C 64.24, H 8.41, Br 17.08 
Found. 64.32, “ 8.40, “ 18.24 

From the reaction of the bromo acid with alcoholic or aqueous sodium 
hydroxide no crystalline product could be obtained. 

Reaction of Methyl Ester of XIJI wiih Perhenzoic Acid — 1.290 gm. of 
methyl 12-methoxy-A®' “-cholenate were treated with 20 cc. of chloroform 
containing 66.2 mg. of perbenzoic acid per cc. After about 60 hours at 
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0°, the theorcticnl n mount of oxygen Ijad been consumed. The solution 
was then washed with dilute sodium carbonate and evaporated in vacno 
under a small volume of water. Tlic resulting gum was cr 3 '’stallized from 
cold dilute methanol. Yield, 0.5 gm.; ni.p. CO-OS®. After two recrystal- 
lizations from dilute acetone the colorless, cubic crystals of the oxide melted 
at 78-80°. 


SUMMAnV 

1. The reactions of two derivatives of 3 (a)-h 3 ^dro.\y-A"-cholenic acid 
containing oxygen in Ring C have been investigated. On the basis of these 
reactions the structures of 3(a)-h3Tlrox3^-12-methox3'’-A°’ “-cholenic acid 
have been assigned to these derivatives. 

2. 12-Methoxy-A®' ^'-cholenic acid has been synthesized and some of its 
reactions investigated. 
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PARTIAL SYNTHESIS OP PREGNENE4-TRIOL-1703),2O09),2L 
DIONE-S,ll AND PREGNENE-4-DIOL-17(/5),2LTRIONE- 
3,11,20 MONOACETATE 

By lewis HASTINGS SAHETT 

(From the Research Laboratories of Merck and Company f Inc.j Rahway, A'ctr Jersey) 
(Received for publication, September 8, 1945) 

In 1936 Kendall and coworkers (1) and Pfiffner and Wintei^einer (2) 
isolated from adrenal cortical extracts a compound which melted at about 
215°. It was designated by the respective groups as Compound E and 
Substance F. Subsequentlj" Reichstein (3) showed that Compound E and 
Substance F were identical with his Substance Fa and that the structure 
was pregnene4-diol-1703),214rione-3,ll,20 (II) (4). 

From similar adrenal cortical extracts Reichstein and von Euw (5) 
isolated a compound, This compoimd, designated as Substance 

XJ, was shown to be pregnene-4-triol-17(j3),2003),21-dione-3,ll (I).* 

The partial synthesis of Compound E and of Substance U from desoxy- 
cholic acid has now been accomplished in this laboratory. Methyl bisnor- 
desoxycholate (III) was prepared by Barbier-Wieland degradation accord- 
ing to the procedure of Hoehn and Mason (7). Treatment of III with 
benzoyl chloride gave the dibenzoate {IV) (8). The dibenzoate was par- 
tially trans esterified to give methyl 3(o£)-hydroxy-12(^)-benzox3^bisnor- 
cholanate (V), which was pyrolyzed, giving methyl 3(ct)-hydroxybisnor- 
A'Lcholenate (VI)." The unsaturated product was found to be most 
conveniently isolated as the 3-monohemisuccinate. 

The general procedure of Reich and Reichstein (11) w‘as then followed 
through the bromohydrin (XTI) and the bromoketone (XTII) to methyl 
3(a)-acetoxy-ll-ketobisnorcholanate (EX) (8). Two minor changes in 
experimental procedure were introduced in the preparation of IX: (a) the 
addition of hypobromous acid to the Cu-n double bond was carried out in 
the presence of dilute sulfuric acid, thus decreasing the reaction time to 

I The parti&l syntheses of the acetates of Reichstein's Substances U and Fa have 
been accomplished by the oxidation of the acetates of his Substances E and M re- 
spectively (1, 6). 

* The synthesis of this compound and its derivatives was based on a procedure of 
Kendall and coworkers (9) for the preparation of 3(a)-hj'droxy-A“-cholemc acid. 
The synthesis of 3(ot)-hydrox>'bisnor-A“>cholenic acid and some of its derivatives 
described in this paper has been accomplished by Lardon and Reichstein (8), using 
a somewhat similar procedure. In addition, both Kendall and coworkers (personal 
communication) and Grand) can and Reichstein (10) have obtained this acid by the 
Barbier-Wieland degradation of 3(cf>'hydroxy'A“-cholcmc acid. 

GOl 
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3 minutes; (b) the crude crystalline bromohydrin was given a mild treat- 
ment with zinc dust in benzene-acetic acid, converting the chief high 
melting contaminant, the 11,12-dibromidc, to the corresponding A” 
derivative. This was then easily removed by fractional crystallization. 

Saponification of IX gave 3(a)-hydroxy-ll-ketobisnorcholanic acid (X) 
The drastic conditions required for this hydrolysis appeared to have 
caused slight racemization at C-20, since treatment of the total crude hy 
droxy acid with diazomethane gave a somewhat impure sample of methyl 
3(a)-hydroxy-ll-ketobisnorcholanate, previously prepared directly from 
IX by mild hydrolysis. Acetylation of X gave 3(a)-acetoxy-ll-ketobisnor- 
cholanic acid (XI), which was converted to 3(a)-acetoxy-ll-keto-20- 
aminopregnane (XIV) by means of the Curtius rearrangement (12). 
The acid chloride (XII) reacted readily with sodium azide in dilute acetone, 
giving the acid azide (XIII). Decomposition (13) of the acid azide in 
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dilute acetic acid yielded XIV. Diazotization (12) of XIV in aqueous 
pyridine gave abbut 70 per cent of a mixture of pregnenes, subsequent 
oxidation of which indicated that the components included the (XV), 
(XVI), and (XVII ?) isomers, together with about 20 per cent of 
C-20 alcohols (XVIII). This ratio of alcohols to unsaturated hydro- 
carbons is considerably greater than when dilute alcohol or acetic acid is 
used as a solvent. On a preparative scale, the alcohols were not separated 
from the mixture of unsaturated compounds but were converted via the 
tosylate into the same or a comparable mixture of pregnenes. 

This mixture of isomeric 3(a)-acetoxy-ll-ketopregnenes could be ob- 
tained crystalline, but neither by fractional crystallization nor by chroma- 
tography could its components be isolated in pure form. Consequently 
the mixture was subjected directly to ozonolysis, giving a mixture of alde- 
hydes and ketones. Mild permanganate oxidation of this product con- 
verted the aldehydes to carboxylic acids. From this acid fraction direct 
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crystallization gave 3(a)-acetoxy-ll-ketoetiocholanic acid (XIX). Ace- 
tylation^ of the mother liquors gave a neutral compound, CsaHsiOs, to which 
the tentative structure XX has been assigned. 

The ketones remaining in the neutral fraction Avere separated by means 
of Girard’s Reagent T (14). The product so obtained could be crj'stallized 
directly to give a compound, C 2 iH 3 o 04 , to Avhich has been assigned the 
structure etiocholanol-3(«)-dione-ll,17 acetate (XXI). Chromatography 
of the mother liquors gave a small amount of kctonic product of unde- 
termined structure. 

Alkaline saponification of XXI gave the corresponding hydroxy diketone 
(XXII). It was found that application of the Nef reaction (cf. (15)) to 
this compound resulted in addition of acetylene exclusively at C-17. A 
good yield of the compound CjiHsoOa (XXIII) was obtained. Partial 
reduction {cf. (IG)) of this pregninediolone gave the corresponding ethylene, 
pregnene-20-diol-3(o!),17(a)-one-ll (XXIV). The 3-monoacetate (XXV) 
was then converted through the crystalline intermediates 21-bromopreg- 
nene-17-ol-3(a)-one-ll acetate (XXVI) and pregnene-17-diol-3(a),21- 
one-11 diaqetate (XXVII) to pregnene-17-diol-3(a),21-one-ll (XXVIII). 
The method used followed the general procedure of Ruzicka and Muller 
(17) for the conversion of pregnadiene-4,20-ol-17(a)-one-3 to pregnadiene- 
4,17-ol-21-one-3. 

The convemion of the C-3-hydroxyl group to the ketone, which had to 
be carried out at some phase of the synthesis, was best accomplished with 
the diol, XXVIII. Although a number of possible methods had been 
investigated at the stages represented by XXIV and XXVI, the results 
were uniformly unsatisfactory. The partial succinoylation of XXVIII, 
however, proceeded very smoothly to give the C-21-monohemisuccinate 
(XXIX), which could readily be oxidized with chromic acid and saponified 
to the desired pregnene-17-ol-21-dione-3,ll (XXX). 

> For the technique of acetylation used, we are indebted to Dr. Whitman and Dr. 
Schwenk of the Schering Corporation (personal communication). 
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Hydroxj'lation of the acetate of pregnene-17-ol-21-dione-3,ll by the 
method of Criegee (18) gave exclusively a trioldione isolated as the diace- 
tate (XXXI), which, by analogy with the results of Serini, Logemann, 
and Hildebrand (19), could immediately be assigned the structure preg- 
nanetriol-17 (/5) , 20(/3) , 21-dione-3 ,11/ 

The conversion of XXXI into the corresponding A^-unsaturated com- 
pound was accomplished by bromination at C-4 followed by removal of 
hydrogen bromide (c/. (21)). The pregnene^-triol-1709),2003),21-dione- 
3,11 diacetate-20,21 (XXXIII) and the free pregnenetrioldione (I) ob- 


CHiOH 


HCOH 


CHsOAc 

I 

HCOH 



lAcjO 



CrO, 



CHjOAc 

i 

CO 

OH 



tained by this method appeared to be identical with Reichstein^s Substance 
U diacetate and free U respectively. Although no direct comparison was 
possible, the agreement of physical constants® was such that reasonable 
doubt was eliminated. 

It has been reported in many examples in the literature that the chromic 
acid oxidation of 17,20-dihydroxypregnanes leads to 17-ketones with 
complete loss of the side chain (c/. (22)) . However, it w’as found that under 

* The configurational designations used here follow the convention of Reichstein 
ct al, (20). 

* See the experimental part (c/. (5)). 
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suitable conditions this oxidizing agent gave a very appreciable yield of 
the 174iydroxy-20-ketoprcgnnnc. Investigation of the mild chromic acid 
oxidation of pregncne4-triol-17(/3),20(/3),21-one-3 ((23), c/. (24)) mono- 
acetalc-21 (XXXVIII) showed that prcgnenc-4-diol-17(i9),2bdione-3,20 
monoacetate-21 (Reichstoin^s Substance S monoacctntc, the isolation and 
partial synthesis (25) of wliicli liave been described by Rcichstein and 
von Euw) (XXXIX) was formed. In addition the expected product, 
androstcne-4-dionc-3,17 (XL), was obtained. 

By this procedure the free Substance U was converted to the 21-mono- 
acetate (XXXIV). Oxidation tlicn gave a mixture of adrenosterone (26) 
(XXXV) and pregnenc-4-diol-17(|d) ,2]-trione-3 ,11,20 monoacetate-21 
(XXXVI). The identity of the latter compound was established by com- 
parison with an authentic sample of Compound E monoacetatc, which was 
kindly furnished us by Dr. Kendall. 

The author udshes to express his appreciation to Dr. Everett S. Wallis 
of Princeton Universit3'’and to Dr. Karl Folkersand Dr. Randolph T. Major 
for their active association with this work. The author is indebted to Dr. 
Jacob van de Kamp for the preparation of mcthjd 3(Q:)-acetoxybisnor- 
A'^-cholenate and for various improvements in tliis preparative procedure. 
The author wishes to express his appreciation to Dr. Ralph Mozingo and 
to Mr. William Wright for their work in connection with the catalytic 
reduction described in this paper. 

EXPERIMENTAL®' 

Methyl 3{a) ^12{0)-DibciizQxyhimorcholanQi€ {IV ) — A solution of 50 gm. 
of faisnordesoxycliolic acid hydrate in 1500 cc. of methanol and 15 cc, of 
concentrated sulfuric acid was refluxed overnight. The solution was then 
concentrated to half volume, diluted with water, and taken up in ether. 
The washed ethereal solution was treated \\ith a small A'olunie of ethereal 
diazomethane to complete the esterification. The ethereal solution was 
then concentrated to dryness, finally in vacuo on the steam bath. Traces 
of methanol were removed hy dissolving the residue in 50 cc. of pyTidine and 
concentrating to dryness in vacuo. The crude methyd ester was then dis- 
solved in 150 cc. of pyridine and treated with 41 cc. of benzoyl chloride. 
The mixture was heated on the steam bath for 2 hours, treated udth 5 cc. 
of water, cooled, diluted, and extracted with ether. The ethereal solution 
was washed with dilute hy^drochloric acid, dilute sodium hydroxide, water, 

* To Mr. W. A. Bastedo, Jr., and to Airs. 11. C. Anderson the author is indebted 
for the absorption spectra described herein. To Messrs. R. N. Boos, L. Rosalsky, 
E. Thornton, W. K. Humphrej', jM. AIcGicgor, Airs. E. Alciss, and Aliss D. Voerger 
the author is indebted for all microanalytical data. 

7 All melting points are corrected. All rotations were taken in acetone, c 1.0. 
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and then taken to dryness on the steam bath. The dibenzoate was rem's- 
tallized from alcohol; m.p. 173.5®; yield 90 per cent. 

Methyl S{ayHydroxy-l£{fiybenzoxyhisnorchoIanate (TO — A solution of 
100 gm. of dibenzoate methyl ester in 500 cc. of benzene at 24-25® was 
treated vdih 500 cc. of a solution of 1.11 x potassium hydroxide in drj' 
methanol. The solution was s\nrled in a water bath at 24-25® until it was 
homogeneous and then left to stand in the water bath at 24—25® for 90 min- 
utes. A few drops of phenolphthalein were added and then sufficient gla- 
cial acetic acid to neutralize the base. The solvent was removed in vacuo, 
the residue dissolved in ether, and the ethereal solution washed 'ndth dilute 
sodium carbonate and then several times "with water. (No perceptible 
amount of benzoic acid or bisnor acids was found in the alkaline washings.) 
The ethereal solution was concentrated to dryness, finally in vacuo, on the 
steam bath, lea^ing a mixtme of meth}"! benzoate and the crude hydroxj' 
benzoxy methyl ester as a pale yellow oil. 

Methyl 3{cc)-Aceioxyhisnor-^^^~chol€7iate tyi) — The crude hydroxj’ ben- 
zoxy methjd ester obtained from 100 gm. of dibenzoate was transferred to 
a Claisen flask, a few boiling chips were added, and the flask then heated 
in a metal bath rmder a vacuum of 15 to 20 mm. From about 190-210® 
methyl benzoate distilled and was collected separatelj". The bath tem- 
perature was then raised imtil the temperatme of the distillate vapor was 
315°. A mixture of benzoic acid and unsaturated methyl ester was then 
steadib’' distilled off for 25 minutes. The product was then cooled to about 
125° and poured into benzene. The flask, including the benzoic acid 
distillate, was then washed out ^nth benzene. The combined benzene 
solutions were washed with dilute alkali and with water and evaporated 
in vacuo. 

The product so obtained consisted roughly of 45 per cent of starting ma- 
terial, 40 per cent of the desired unsaturated material, and the remainder 
of b 3 "-products. The starting material was first removed by conversion 
to the acetoxy benzoxj” methyl ester; the residue from the benzene extrac- 
tion was taken up in a mixture of 150 cc. of pyridine and 100 cc. of acetic 
anhydride and heated on the steam bath for 45 minutes. The product 
was then treated with water, extracted ^rith ether, the ethereal solution 
washed with dilute hj'drochloric acid, dilute alkali, and finallj^ with water, 
and evaporated to dr 3 Tiess. The residue vras dissolved in a small volume 
of methanol with refluxing and the method 3(a)*acetoxy-1203)-benzoxy- 
bisnorcholanate permitted to crj'stallize overnight at room temperature. 
The crj’stalline product was then filtered; m.p. 166-168°; jield 30 to 35 
gm. This material was then subjected to partial irans esterification as 
before, except that the time required was 10 minutes at 24-25®, rather 
than 90 minutes. 
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The mother liquors obtained from the acetoxy benzoxy methyl ester 
were concentrated to dryness in vacuo and then dissolved in 300 cc. of ben- 
zene. To this solution were added 300 cc. of 1.1 N methanolic potassium 
hydroxide and the whole permitted to stand at 25° for 10 minutes. The 
mixture was then acidified witli glacial acetic acid and worked up as de- 
scribed above. The crude oily methyl 3(a)-hydroxybisnor-A”-cholenate 
so obtained was dissolved in 250 cc. of pjTidine and treated with 60 gm. of 
succinic anliydridc. The solution was heated on the steam bath for 90 
minutes, the excess succinic anhydride decomposed with water, and the 
solution concentrated to a small volume in vacuo. The residue was diluted, 
extracted with ether, and tlic ether layer washed with dilute hydrochloric 
acid and water. The monohemisuccinate was then separated from small 
amounts of non-acidic impurities by extraction with a 10 per cent solution 
of potassium carbonate, acidification of the alkaline layer, and again dis- 
solving in ether. The ethereal solution was then washed and concentrated 
to dryness on the steam bath. The partially crystalline residue was then 
recrystallized once from methanol or benzene and a second time from ben- 
zene or acetone. The methyl 3(a)-succinoxybisnor-A”-cholenate had a 
melting point of IST'-ISO®; yield 30 per cent. 

By concentration of the mother liquors a small additional quantity of 
succinate was obtained. Mild acid or alkaline hydrolysis of the mother 
liquors followed by rebenzoylation gave crystalline dibenzoate which was 
again partially trans esterified and pyrolyzed. The total yield thus ob- 
tained was 60 per cent. 

The succinoxy group was then removed either by alkaline (a) or acid 
(b) hydrolysis, (a) A solution of 27 gm. of the A^^-succinoxy ester in 1300 
cc. of methanol containing 27 gm. of sodium hydroxide was refluxed for 
75 minutes, concentrated in vacuo to 500 cc., diluted with a large volume of 
water, and the crystalline product filtered and dried. (5) The A”-succinoxy 
ester was refluxed in a 2 per cent (by weight) methanolic solution of sulfuric 
acid for 2 hours, water was added to the cooled solution, and the crystals 
filtered and dried. The methyl 3(a)“hydroxybisnor“A^*-cholenate pre- 
pared by either method melted at 108°. Acetylation with equal parts of 
pyridine and acetic anhydride at 90^ for 30 minutes, followed b}’' cooling 
and dilution with water, gave the crystalline acetate. Recrystallization 
from a small volume of methanol gave the pure methyl 3(a)-acetoxybisnor- 
A^^-cholenate, m.p. 101-102°, in a yield of 85 to 90 per cent (based on the 
succinoxy derivative). The product gave no melting point depression 
with a sample prepared by Barbier-Wieland degradation of 3(a)-hydroxy- 
A^^-cholenic acid. 

Methyl S{a) ,ll-Dihydroxy42-bro7nobi$norcholanate (VII) — A solution 
of 15.8 gm, of methyl-3(a)-acetoxybisnor-A”-cholenate in a mixture of 
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430 cc. of tertiary butyl alcohol and 105 cc. of Avater was cooled to 15®. 
12 gm. of anhydrous N-bromoacetamide were then dissolved with swirling 
and 105 cc. of cold 0.8 n sulfuric acid added at once. The mixture was per- 
mitted to stand at room temperatxire until a yellow color developed (2 to 
4 minutes). An aqueous solution of sodium sulfite w'as then added, suffi- 
cient to discharge the yellow-orange coloration, a large volume of water 
was added, and the mixture was extracted thrice vrith benzene. The ben- 
zene layer was washed uith dilute sodium hydroxide, several times with 
water, and concentrated to a small volume in vacuo. The addition of 
petroleum ether (30-60°) precipitated crude crystalline bromohydrin (12.0 
to 12.5 gm,). This material was purified b^" dissolving it in a mixture of 
135 cc. of benzene and 15 cc. of glacial acetic acid, adding 10 gm. of zinc 
dust, and swirling for a minute at room temperature. The solution was 
then diluted with ether, decanted from the zinc, washed vdih water, dilute 
alkali, again with water, then concentrated in vacuo to a small volume, 
and crystallized vnth the addition of petroleum ether. One additional 
crystallization gave a product of melting point 209-211°; jdeld 45 per cent, 

4.noZt/sis — CisHjjOsBr. Calculated. C 60.12, H 7,87, Br 16.00 
Found. ** 50.S0/* 7,71. ** 16.48 

Methyl S(ayAceioxy-ll-keto~12-bromohisnorcholanaie (VIII) — 10 gm. 
of methyl 3 (ot)-acetoxy-ll -hydroxy-1 2-bromobisnorcholanate were dis- 
solved in 150 cc. of glacial acetic acid by warming on the steam bath. The 
solution was then cooled rapidly to 18° and treated portiomvise, lisith stir- 
ring, with a solution of 5 gm. of chromic acid in 100 cc. of acetic acid and 
10 cc. of water. The mixture was permitted to stand at room tempera- 
ture for 90 minutes and the product then precipitated by the addition of 
water. It had a melting point of 154.5-155.0°; >deld 92 per cent. 

Methyl Sia^Acetoxty-li-ketobisnorchoIanate (IX) — solution of 7.6 gm. 
of methyl 3(ce)-acetoxy-ll-keto-12-bromobisnorcholanate in 70 cc. of glacial 
acetic acid and 7 cc. of water was warmed on the steam bath to 60°. The 
mixture was then treated portiomvise ^vith 7.0 gm. of zinc dust. The tem- 
perature was allowed to rise to 90-95° and the mixture was stirred for 1 
hour. It was then cooled, diluted, and extracted with benzene. The 
benzene layer was washed with water, dilute alkali, again with water, and 
concentrated to dryness tn vacuo. The residue w'as crystallized from meth- 
anol and melted at 151.0-151.5°; [ah = -f57°. A sample czystallized 
from dilute acetic acid melted at 117.5-118.0°. Another sample Tvhich w'as 
crystallized from dilute methanol melted at 142.5-143.5°, resolidified, and 
melted at 150.5-151.5°. 

Analysis — C«HnOs. Calculated C 71 .74, H 9.15; found, C 71 .53, H 9.33 
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Methyl 3{a)-Hydroxy-}l-kclohisnorchoIanatc — iV sjimplc of methyl 3(a)*' 
acctoxy-lJ-kctobisnorcliolnnatc (IX) was refluxed witli a 1.5 per cent solu- 
tion of sodium hj^’droxidc in mctbnnol for 1 hour. Dilution with water 
gave a crystalline product which, after one recrystallization from acetone- 
pentane, melted at 193°. Reacetylation of a small sample gave a product 
which was crystallized from dilute methanol and melted at 142.5-143.5° 
and 150.5-“151.5°; it did not depress the melting point of a sample of IX. 

/IwaZys/s— 0231130 0 4 . Caiculalccl, C 73.30, II 0.G4; found, C 73.37, II 9.84 

S{ayil7jdroxy-ll-kciobisnorcholanic Acid {X) — X solution of 1.0 gm. of 
methyl 3(a:)-acctoxy-ll-ketobisnorcholanate (IX) in 25 cc. of a 2 n potas- 
sium hydroxidc-75 per cent methanol mixture was refluxed overnight. 
Most of tlie methanol was removed in vaoxiOy and the solution diluted vlth 
water and acidified with dilute hydrochloric acid. The amorphous precipi- 
tate was filtered, washed, and dried. It melted at about 195° and 223-225°. 
On a preparative scale no farther purification was attempted, since ic- 
crystallization did not seem to improve the quality of the product. 

Methyl 3{ayHydroxy-tl-‘kcl6bisnorcholanale front X — sample of crude 
3(a)-hydroxy-ll-ketobisnorcholanic acid (m.p., about 222-225°) was sus- 
pended in absolute ether and treated with an ethereal solution of diazo- 
methane. The solution was concentrated to dryness after the acid had dis- 
solved and the methyl ester cr3^stallized by rubbing with pentane. The 
crystals were washed with a little pentane; they melted at 187-190°. The}" 
did not depress the melting point of methyl 3 (ck:)-hydroxy-ll-ketobisnor- 
cholanate. 

S{a)-AceU>xy-ll-ketohisnorcholanic Acid (XI ) — solution of 3 gm. of 
3(a:)-h3''drox3’'-l l-ketobisnorcholanic acid in 100 cc. of glacial acetic acid was 
refluxed overnight. The solution was then concentrated in vacuo to 30 
cc., warmed on the steam bath, and treated \vith small portions of water 
until cr 3 ’^stallization began. It was set aside at 0° overnight and the prod- 
uct filtered off. It had a melting point of 239-250° and was sufficiently 
pure for subsequent degradation to the mixture of 3-acetoxy-ll-ketopreg- 
nenes; yield 90 per cent. Several recrystallizations from dilute acetone 
gave material still characterized by the wide melting range, 249-254°, 

8(a)-Acetoxy-lldceto-W-amznoprcgnane (XIV ) — 30 gm. of 3 (a)-acetox 3 ^- 
1 l-ketobisnorcholanic acid were dissolved in 45 cc. of purified thionyl chlor- 
ide. The solution was left to stand at room temperature for 90 minutes, 
was warmed to 45° for 30 minutes, and then concentrated to dr 3 mess in 
vacuo. The residue was dissolved in 45 cc. of warm absolute toluene and 
the latter distilled off in vacuo , finally at 100"^, The residual crystalline 
acid chloride (XII) (m.p. 140-144°) was then dissolved in 200 cc. of dry 
acetone at 5-10°, cooled to 0°, and treated with a cold solution of 12 gm. 
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of sodium azide in 30 cc. of water, added at once. The mixture was swirled 
gently for 5 minutes in an ice bath, at the end of which time cr^'stallkation 
of the acid azide (XIII) had begun. The precipitation was completed by 
the gradual addition of 700 cc. of ice water, and the co'stals filtered on a 
cold filter, washed with ice w'ater, and then transferred to a fiask containing 
360 cc. of glacial acetic acid. The solution was wanned on the steam bath 
to dissolve the azide while 200 cc. of water were gradually added. Finally 
the decomposition of the azide was completed by heating for 30 minutes 
at 90°. The solution was then cooled in an ice-salt bath, 100 cc. of benzene 
were added, and the mixture treated gradually, with stirring, with a cold 
solution of 425 gm. of potassium hydroxide in 700 cc. of water. The tem- 
perature was maintained at 10° or lower in order to minimize saponification 
of the C-3-acetox>’' group. When the alkali had all been added, the ben- 
zene layer was diluted with ether and the aqueous phase was extracted. 
At the ether-alkali interface a solid precipitate separated which was col- 
lected separately. It consisted of the potassium salt of XI (about 1.5 gm.) 
and 3(a)-hydroxy-li-keto-20-aminopregnane (about 200 mg.). This 
mixture was readily separated by dissohing the wet alkaline precipitate 
in a little water, filtering the solution, acidif>iag the filtrate to obtain crude 
XI, and collecting the water-insoluble residue on the filter to obtain the 
hydroxy keto amine. The washed ether-benzene layer containing XIV 
was concentrated, finally in vacuo on the steam bath, and the residue dis- 
solved in 100 cc, of absolute ether. The solution was allowed to crystal- 
lize at 0° overnight, filtered, and a second crop obtained by concentration 
of the mother liquors; yield 22.6 gm. ~ 80 per cent (corrected for recovered 
starting material). The mother liquors were treated with hydrogen chlor- 
ide in absolute ether. The amorphous hydrochlorides so obtained (com- 
bined jield 93 per cent) were diazotized (see below) and the ozonized prod- 
uct gave nearly as good a yield of the 17-ketoiie (XXE) and etio acid (XIX) 
as did the pure ciystalline amine. Consequently the non-crystalline am- 
ines probably consisted largely of isomers of XIV resulting from the partial 
racemization of the side chain during the saponification of IX. 

A sample of recrj^stallized from absolute ether showed a constant 
melting point of 163.5--165.5°, 

Analysis — CjjHaTOjN. Calculated. C 73.56, H 9.94, N 3.73 
Found. 73.88,“ 104)6, “ 3.73 

S(a)-Hydroxy-l 1 -keto-SO-aminopregnane^ 5(or)-A cetoxy-1 1 -keio-20<icelyU 
aminopregnane^ and 8(a)’Hydroxy~Ild:eto-20-ac€lyJamtnopregnane — For 
purposes of further characterization of XTV, the hydroxy keto amine was 
prepared by alkaline saponification of XIT. It had a melting point of 
185~I8G° after crystallization from dilute alcohol. Acetylation of the 
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hydroxy or acctoxy koto amine with pyridinc-acetic anhydride gave the 
acctoxy keto acctylamino derivative, m.p. 235°, alkaline saponification of 
which gave 3(a)-hydroxy-ll-keto-20-acetylaminopregnane, m.p. 219.5°. 

Pregncne-}6-ol-3{a)-onc-ll Acetate (XVII), Pregnene~17-ol-S{a)-one-ll 
Acetate (A''F), and Prcgncne-SO-ol-S(a)-onc-l 1 Acetate {XVI)—k mixture 
of 57.8 gm. of 3(a)-acetoxy-n-keto-20-aminopregnane (XIV), 250 cc. of 
pyridine, 21.3 gm. of redistilled pyridine hydrochloride, and 44 gm. of so- 
dium nitrite was heated to 75° on the steam bath. To this solution were 
then added 150 cc. of water in one portion. The mixture was then heated 
on the steam bath with occasional swirling until the evolution of nitro- 
gen ceased (14 minutes). The pyridine was then largely removed in vacuo, 
and the residue diluted with water and taken up in ether. The ethereal 
solution was washed with water, 0.5 N hydrochloric acid, again Avith water, 
and concentrated to dryness, finally in vacuo on the steam bath. 

In order to remove the undiazotized 20-amino compound and 3(a)- 
hydroxy compounds resulting from hydrolysis during diazotization, the 
mixture was subjected to a mild succinoylation (C-20(a)- and 03)-hydroxy 
compounds remain essentially unattacked). The total crude diazotiza- 
tion product described above was dissolved in 250 cc. of dry pyridine, 
treated with 50 gm. of succinic anhy'dride, and heated on the steam bath 
for 1 hour. Water was then added to decompose the excess anhydride, and 
the mixture concentrated in vacuo to a small volume, diluted, dissolved in 
ether, and. washed with dilute hydrochloric acid and with water. 

The acid succinates were then separated bj’' shaking with a 10 per cent 
solution of potassium carbonate. Saponification of the acid succinates by 
the addition of a small amount of concentrated potassium hydroxide to 
the carbonate extract and heating on the steam bath gave 5.5 gm. of 
material, separated by extraction with ether into 3.8 gm. of 3(a)-hy(iroxy- 
ll-keto-20-aminopregnane and 2.7 gm. of oily ether-soluble hydroxyketo- 
pregnene mixture. 

The neutral ethereal solution after the carbonate washing w'as shaken 
w'ith water and concentrated to dryness, finally in vacuo, on the steam bath. 
The reddish yellow oil so obtained (51 gm.) consisted chiefly of the preg- 
nene mixture (XV, XVI, and XVII) together wdth some 20-hydroxy com- 
pound (XVIII). The composition of the mixture may be roughly deter- 
mined by chromatography® of a small sample, whereby the acetoxyketo- 
pregnenes are eluted by a 1:1 mixture of ether-petroleum ether (30-60°) 

> The alumina used in the %'arious chromatograms described was especially pre- 
pared. An aqueous suspension of alumina (Merck, according to Brockmann) was 
treated with 6 N Sulfuric acid, with stirring, until the pH was 4,0. The alumina was 
then washed repeatedly with distilled water until the pH of the supernatant liquid 
was 4.6 to 4.8. The alumina was filtered and dried overnight at ISO”. 
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and the C*20 hydroxy pompounds are completely eluted only vnth absolute 
ether. 

The C-20 hydroxy compounds present in the purified diazotization prod- 
uct described above were then converted to their tosyl esters. The purified 
diazotization product (51 gm.) was dissolved in 60 cc. of dry pyridine and 
treated with 34.5 gm. of recrystallized p-toluenesuKonyl chloride. The 
mixture was left to stand at room temperature for 48 hours, then treated 
with a small volume of water to decompose the excess acid chloride, taken 
up in ether, washed with water and dilute sulfuric acid, again with water, 
and concentrated to dryness. The residual mixture of pregnenes and tosyl- 
ates, 54.2 gm. of a brown oil, was dissolved in 140 cc. of collidine and the 
mixture was refluxed for 25 minutes. After this had been taken up in 
ether, washed with dilute hydrochloric acid, then with water, and finally 
evaporated to dryness, 48.9 gm. of a brown, glas^ residue were obtained. 
This material was dissolved in a small volume of methanol from which, by 
careful cooling, 24.0 gm. of a crystalline mixture of acetoxj'ketopregnenes 
were obtained; m.p. about 75-85°. The 24.8 gm. of mother liquors were 
chromatographed over 250 gm. of alumina. All material eluted by 8:2 
petroleum ether-ether (21.5 gm.) was combined with the 24.0 gm. of crude 
crystalline pregnenes; yield 88 per cent. 

S(a ) -A ceioxy-1 1 -kdoeiiochdlanicAcid {XIX ) , EtiocholanolS {o)-dione-l 1 ,17 
Acetate {XXI) , and Other Ozonclysis Products — ^The ozonolysis of the puri- 
fied mixtme of pregnene-16-, pregnene-17-, and pregnene-20-ol-3(ct)-one-ll 
acetates (XVII, XV, and XVI) was conducted in 5.0 gm. portions. This 
amount was dissolved in a mixture of 100 cc. of ethyl acetate and 100 cc. 
of methanol, cooled in a bath of dry ice and acetone, and treated over a 
period of 2 to 3 hours with 1.5 to 2.0 moles of ozone. An apparatus with a 
sintered glass gas diffusion inlet was used. The solution was then treated 
with 40 cc. of dilute acetic acid and 5 gm. of zinc dust, warmed to room 
temperature, decanted from unchanged zinc, and concentrated in vacuo to 
a small volume. The residue was taken up in ether and washed with water 
and dilute potassium carbonate. The acids foimd in the aqueous alkaline 
layer were present only in traces and were discarded. The washed neutral 
ether layer was evaporated to dryness, dissolved in 125 cc. of acetone, cooled 
to 15°, and treated with 35 cc. of a 5 per cent aqueous potassium perman- 
ganate solution. The mixture was permitted to stand at room tempera- 
t\u*e for 1 horn, then concentrated by directing a stream of filtered air upon 
the surface of the cool (15-20°) solution. When the acetone had almost 
entirely evaporated, the mixture was diluted with water, taken up in ether, 
and the manganese salts reduced with a dilute solution of sulfuroiis acid. 
The ether layer was washed, then extracted with 10 per cent potassium 
carbonate, which was immediately separated, acidified, and extracted with 
ether. 
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Scparaiion of Acids — 'j'hc waslicd ctlicr layer containing the organic acids 
from tho pcnnnngnnalo oxidation was concentrated to dryness on the steam 
bath, giving 2.2 to 2.G gin. of ci’ude acidic material wliich was then crystal- 
lized from dilute acetone in the refrigerator ovemiglit. The crystals were 
filtered olT and rccrj^stallized from acetone-pentane. The melting point 
of the 3(a')-acctoxy-ll-ketoctiocholanic acid is 219-*221®. 

Calculated. C 70.17, H 8.67 
Found. “ 09.93, 70.08, 8.42, 8.31 

The mother liquors from the first crystallization of the acid fraction re- 
sulting from the ozonolysis of 44 gm. of pregnene mixture were combined 
and weighed 9.2 gm. This material was dissolved in 100 cc. of methanol 
containing 1.0 cc.of concentrated sulfuric acid and refluxed for 30 minutes. 
The mixture was then concentrated in vacuo and separated into neutral 
(Fraction N = 6.0 gm.) and acidic (Fraction A = 3.4 gm.) fractions. 

The neutral Fraction N contained most of the etio acid. The methyl 
esters of Fraction N were separated into ‘^ketonic’^ (2.6 gm.) and “non- 
ketonic’^ fractions (3.4 gm.) by the use of Girard’s Reagent T, applied in 
the manner described below. Saponification of the neutral '‘non-ketonic” 
material followed by trituration of the resulting liydroxy acids with ethyl 
acetate gave 1.40 gm. of a microcrystalline highly insoluble product, 3(«)- 
hydroxy-ll-ketoetiocholanic acid. This was not further purified but 
converted directly into XIX by refluxing with glacial acetic acid overnight. 
The purified acetoxy etio acid so obtained melted at 219“221° after crystal- 
lization from a small volume of ethyl acetate. The total yield of pure 
acetoxy etio acid was 24 per cent. 

The 3.4 gm, of acidic Fraction A were dissolved in 15 cc. of glacial acetic 
acid containing 1.5 cc. of 70 per cent perchloric acid. To this were slowly 
added, with cooling and stirring, 12 cc. of acetic anhydride. The solution 
was permitted to stand at room temperature for 15 minutes, the excess 
acetic anhydride was carefully decomposed with water, and the product 
separated into neutral and acidic fractions. The neutral fraction gave, 
after several recrystallizations from ether, a product melting at 230-231°. 
The analysis indicated the empirical formula CoiHsgO^ • CH3CO (XX ?). 

Analysis— OiiYiizOo. Calculated. C 71.09, H 8.28, CH3CO 11.1 
•Found. 70.94, 'I 8.08, “ 9.9 

“ 70.90, 7.87 

Alkaline saponification gai’e an amorphous acid which on reacetylation 
with acetic anhydride and perchloric acid restored the neutral product melt- 
ing at 223-224° in good yield. 

Separation of Ketones — The ether layer containing the neutral products 
of ozonolysis and subsequent permanganate oxidation was washed and con- 
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centrated to dryness in vacuo. Three such neutral fractions obtained from 
the ozonolysis of three 5 gm, portions of pregnene mixture were combined; 
total 'VN'eight, 7.8 gm. The ketones were then separated by taking the neu- 
tral product up in 50 cc. of methanol and 5 cc. of glacial acetic acid, adding 
10 gm. of Girard^s Reagent T, and refluxing for 30 minutes. The solution 
was then cooled in an ice bath and poured into a separatory funnel contain- 
ing ether, 36 cc. of 2.0 x sodium hydroxide, water, and powdered ice. The 
cold aqueous laj’er was extracted tT\ice with ether, then acidified to Congo 
red with 5 x hydrochloric acid. After standing at room temperature 
overnight, the partiallj" co’stalline ke tonic product was separated by extrac- 
tion with ether. The washed ethereal solution was evaporated to dryness 
and the partially hydrolyzed acetoxy group replaced by heating ^Yith pyri- 
dine and acetic anhydride on the steam bath for 15 minutes. The product 
was taken up in ether, washed successively with dilute hydrochloric acid, 
dilute alkali, and water, and evaporated to dryness, giving 4,4 gm. of crude 
acetylated ketonic material. This was recrystallized several times from 
ethyl acetate-pentane, giving long needles of etiocholanol-3(cc)-dione-ll ,17 
acetate (XXI). It had a melting point of 162.5-163.0®; [a]^ “ +176®. 
Chromatography of the mother liquors raised the total >deld of pure prod- 
uct to 22 per cent. 

Analysis — CtiHicO<. Calculated. C 72.S0, H 8.73 

Found. “ 72.96, 72.50, “ 8.44, 8.64 

From the chromatographic separation of the mother liquors of XXI, a 
compound slightly less easily eluted was obtained in small amount; m.p. 
209.0-209.5®, It showed no ultraviolet absorption maximum above 225 

m/i. 

iinalym — Found, C 71.17, 71.15, H 8.72, S.92, — OMe 0.0 

Mild alkaline saponification converted it to an amorphous neutral 
product which on reacetylation gave a difficultly crystalline mixture of 
acetates which was not further investigated. 

EtiocholanolS{a)-di(me-ll jl7 (XXII) — A solution of 380 mg. of etio- 
cholanol-3(a)-dione-ll ,17 acetate (XXI) in 4 cc. of 2 x 75 per cent dilute 
methanolic .potassium hydroxide was refluxed for 15 minutes. The addi- 
tion of water gave a quantitative yield of crystals, m.p. 185-186.5®. A 
sample recrystallized for analysis from acetone-pentane melted at 187-188®. 

— CxtHitOj. Calculated, C 74.97, H 9.26; found, C 74.93, H 9.26 

Pregnine’£0-diolS{a) ,17{a)-one-l 1 {XX 11 1) — Pure di^* acetylene was 
passed into a solution of 1.3 gm. of potassium metal in 30 to 35 cc. of anhy- 
drous liquid ammonia raamtaincd in a dry Ice-acetone bath. The stream of 
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acetylene was continued after the complete decolorization of the solution 
for a length of time equal to that required for the decolorization. To the 
suspension of potassium acetylido was then added a solution of 500 mg. of 
etiocholanol-3(a)-dione-l 1 , 17 (XXII) in 10 cc. of pure dry dioxane and 10 
cc. of absolute ether. The ammonia M’as then permitted to evaporate at 
room temperature, an additional 17 cc. of absolute ether was added, and 
the flask stoppered from the air and permitted to stand overnight at room 
temperature. The mixture was then poured into water, and the suspension 
acidified with dilute sulfuric acid and extracted twice with ether. The 
ether layer was washed twice with 10 per cent potassium carbonate solu- 
tion, then with water, and concentrated to dryness. Crj'stallization from 
ethyl acetate gave a product melting at 218.5-219.0°; Hd — —9.4°. The 
mother liquors were chromatographed and the combined yield of pure 
material was 80 per cent. No cr 3 'stalline product other than XXIII was 
isolated. 

Analysis— Calculated, C 76.33, H 9.15; found, C 76.41, H 9.07 

Prcgncnc-20-diol-3{a) ,17{a)-onc-ll {XXIV) — A suspension of 300 mg. of 
a 2 per cent palladium-barium carbonate catalyst in 50 cc. of absolute 
alcohol was shaken under 1 atmosphere of hydrogen until equilibrium was 
reached. To this suspension tvere then added 658 mg. of pregnine-20- 
diol-3(a),17(a)-one-ll and the solution shaken under hydrogen until 1 
mole tvas absorbed. The initial rate of absorption was 11 cc. per minute. 
The final rate was 1.5 cc. per minute. The solution was filtered, concen- 
trated in vacuo to a small volume, and crystallized by addition of water. 
The fluffy crystals so obtained were hydrated and melted at about 110° 
with loss of water. Recrystallization from dilute methanol gave crystals 
which, if heated rapidly, melted at 113-115°, resolidified, and melted again 
at 182-184°. Further recrystallizatibn did not appear to effect appreciable 
purification. The water of crystallization apparently w'as lost by heating 
at 100° in vacuo, since a sample so treated did not show the lower melting 
point but only the upper. A sample dried at 110° liad [aj^ - -^43°. 

Analysis — C-iHjjOj. Calculated. C 76.85, H 9.70 

Found. " 76.05, 76.32, “ 9.79, 9.87 

PTegnenc-20-diol-3{a) ,17{a)-one-l 1 Monoacetate-S {XXV ) — On a pre- 
parative scale the purification of the ethylene compound tvas undertaken 
after acetylation to the 3-monoacetate. The crude pregnene-20-diol- 
3(a) , 17(a)-one-ll obtained by the reduction of 3.81 gm. of the correspond- 
ing acetylene (XXIII) in 150 cc. of absolute alcohol with 200 mg. of 2 per 
cent palladium-barium carbonate catalyst was crystallized as described 
above and then dried at 100°. The 3.85 gm. of product so obtained were 
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combined ’snth 0.55 gm. of similar material obtained from a prenous re- 
duction, and the whole dissolved in a mixture of 20 cc. of acetic anhydride 
and 15 cc. of pyridine and left at room temperature overnight. The solu- 
tion was diluted with water, extracted with ether, and washed successively 
with dilute h 5 "drochloric acid, dilute alkali, and water. Evaporation of 
the ethereal solution gave 4.85 gm. of a crystalline residue consisting of 
crude XXV. After several recrystallizations from ethyl acetate-pentane, 
a product wns obtained which melted at 187.5-189.0®. Chromatography^ 
of the mother liquors gave an additional yield, bringing the total of mate- 
rial of this purity to 87 per cent. This melting point did not represent 
the highest attainable, however; several highly purified fractions from 
the chromatogram melted at 189.5-191.0®. 

Analysis — C-iHjiOi. Calculated, C 73.75, H 9.16; found, C 73.81, H 8.87 

2l-Bromopregn€ne-17-€lS{a)-one~ll Acetate (XXVJ) — To a solution of 
120 mg. of freshly redistilled phosphorus tribromide in 0.74 cc. of dry 
chloroform,® maintained at —60® in a diy ice bath, was added dropwise a 
solution of 400 mg. of pregnene-20'diol-3(Qr),17(a)-one-ll monoacetate-S 
(XX\0 in 5.8 cc. of dry chloroform containing 2 drops of pyridine. The 
solution w’as then allowed to stand at room temperature overnight. A 
small volume of water 'was added, the chloroform removed in vacuo at 
15-25°, and the gummj^ residue dissolved in ether. The ethereal solution 
was washed with water, then with dilute sodium bicarbonate, again with 
w^ater, dried over anhydrous sodium sulfate, and concentrated in vacuo 
to give a colorless oil. This w’as dissolved in a small volume of petroleum 
ether (30-60®) and allowed to crystallize at 0®. By this means 250 mg. of 
crude crystalline product were obtained. A small sample was reciystal- 
lized with difiicultj' from ether-methanol by concentration in vacuo and 
recrystallized again from ether-pentane by concentration in vacuo. It 
then had a melting point of 116-117®. 

4na^y5t>— C 2 ,H„OjBr. Calculated. C 63.15, H 7,61, Br 18.27 
Found. ** 63.36, “ 7,53, “ 17.53 

Pregnene-17-diolS(a) i21-one-ll Diacetate (XXVIl) — A solution of 130 
mg. of 21-bromopregnene-17-ol'3(a)-one-ll acetate (m.p, 113-115®) in 
10 cc. of dry acetone*® was refluxed with 800 mg. of anhydrous potassium 
acetate*® for 5 hours; the potassium salts were then filtered off, the acetone 
removed tn vacuOy and the residue taken up in ether. The ethereal solu- 
tion was w'ashed with dilute potassium carbonate, with water, and then 

* The chloroform was washed seven times with equal volumes of water, dried over 
anhydrous sodium sulfate, and then distilled over phosphorus pentoxide. 

The acetone was twice distilled over fused potassium hydroxide. The potassium 
acetate was Merckxs anhydrous, reagent grade, dried in racuo at 180® for 6 hours. 
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concentrated to dryness on the steam bath. A small quantity of insoluble 
amorphous material was removed by extracting the residue with 30 cc. of 
^Ya^m petroleum ether (30-60°). The petroleum ether extract ^Yas con- 
centrated to a small volume and cooled. The crystals so obtained melted 
at 112-113°. Eccrystallization from acetone-petroleum ether and dilute 
acetone gave a pure product, rn.p. 115.0-115.5°. 

CasHjftOj. Cnlculntcd, C 72.08, II 8.71 ; found, C 72.07, H 8.59 

Prcgncnc-17-dioU3{a) j21-onc-ll {XXVlll) — A solution of 50 mg. of 
pregnene-17-diol-3(a),21-one-ll diacetatc (XXVII) in 5 cc. of a 2 n 
solution of potassium h3’’droxidc in 75 per cent dilute methanol was refluxed 
for 15 minutes. The addition of water to the cooled solution gave a crys- 
talline precipitate, which after recrystallization from benzene or ethyl 
acetate melted sharply at 200.5°; [ajp = +45.5°. 

ylTJo^T/sis— Calculated, C 75.85, II 9.70; found, C 75.9S, H 9.35 

Because of the difficultly crystalline nature of the 21-bromopregnene 
(XXVI) and pregnenediol diacetate (XX^TI), appreciable quantities of 
material remained in the mother liquors of these two compounds. Further 
quantities of the pregnenediol (XXVIII) A\-ere obtained therefrom as fol- 
lows: The mother liquors from the preparation of the 21-bromopregnene 
were combined and gave 1.90 gm. of a yellow oil. This was treated with 
potassium acetate and acetone as above. Tlie product so obtained was 
extracted with petroleum ether and the latter was combined with the 
mother liquors from the preparation of the pregnenediol diacetate. The 
combined product was then saponified as before and extracted with ether. 
The partially cr^^stalline residue weighed 1.45 gm. Direct crystallization 
of this from ethyl acetate and from acetone gave 420 mg. of crude preg- 
nenediol (XXVIII), ni.p. 194-197°, which was set aside. The 1.03 gm. of 
product contained in the mother liquors were treated with succinic anh}"- 
dride in order to remove the more easily esterified 21-hydroxy compound. 
The crude product (1.03 gm.) was dissolved in 5 cc. of p3Tidine saturated 
at 28.4° with succinic anhydride. After 4 hours in a thermostat at 28.4°, 
the mixture was diluted with water and worked up as described below for 
the preparation of XXIX. The neutral fraction (750 mg.) was set aside 
for chromatography (see below), the acidic fraction was saponified with 2 
N potassium hj'droxide, and the neutral product obtained therefrom cr^’^stal- 
lized, giving 210 mg. of the crude pregnenediol, m.p. 192-196°. This was 
combined with the 420 mg. of crude diol obtained previously, and the whole 
was acetylated with pyridine and acetic anhydride and chromatographed. 
The resultant pure pregnenediol diacetate (XXVII) was saponified and the 
pure product so obtained was sufficient to bring the over-all ^deld of 
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XXVIII, based on the pregnene-20-diol-3(a),17(a)-one-ll monoacetate 
(XX^O, to 49 per cent. 

PTcgnadicnc-lG ,20‘Ol'3{a)-onc-l I Acetate — ^This by-product from the 
reaction scries XXA" to XX\^III was obtained by chromatography of the 
neutral product remaining from the partial succinoylation described above. 
The 750 mg. were acet 3 ’’lated in the usual manner and the product (850 mg.) 
was taken up in 5 cc. of benzene and 100 cc. of petroleum ether. The solu- 
tion was put on a column of 20 gm. of alumina and eluted with 100 cc. por- 
tions of petroleum ether-ether mixtures. The eluates obtained with 9:1, 
8.75:1.25, and 8.5: 1.5 petroleum ether-ether mixtures were crystallized 
from a small volume of methanol. Recrystallization from methanol and 
from petroleum ether b^’’ concentration gave small dense prisms, m.p. 
127.0-129.5°; Xn,«. = 238 m^; e = 1.50 X W. 

Analysis — CtaHj^Oj. Calculated, C 77 .48, H 9.04; found, C 77.46, H 924 

Pregnehe-17~diol-3{a) ^21-one-ll Monohemisuccinate-^l {XXIX ) — A solu- 
tion of 1.16 gm. of pregnene-17-diol-3(a),21-one-ll in 5.5 cc. of pyridine 
previously saturated at 28.5° with succinic anh 3 ^dride was allowed to stand 
for 120 minutes at 28.5° in a thermostat. Water was added to decompose 
the excess anh 3 "dride, and the mixture taken up in ether and washed with 
dilute hydrochloric acid. The organic acids were then removed by shaking 
the ethereal la 3 *er vdth a cold 10 per cent solution of potassium car- 
bonate, which was then rendered acid to Congo red with dilute hydrochloric 
acid and extracted with ether. The washed ethereal solution of acids was 
evaporated and weighed 1.16 gm. The non-acidic ethereal solution after 
extraction with carbonate was washed and concentrated and unesterified 
diol recovered. 

The 1.16 gm. of crude hemisuccinate were cr 3 ^stallized from ether and 
from dilute acetone, giving 800 mg. of product, m.p. 178.5-181.0°. 

Analysts-CjsHuO,. Calculated, C 69.42, H 829; found, C 69.46, H 8.16 

By saponification of the mother liquors of the hemisuccinate, recombin- 
ing the diol obtained with that remaining unesterified from the prerious 
succino 3 dation, and repetition of the partial esterification a nearly quan- 
titative 3 deld of the 2l-monohemisuccmate was eventually obtained. 

Prcgnene-17-oI-2l-dionc-3 jll {XXX) — X solution of 1.47 gm. of preg- 
nene-17-diol-3(a) ,21-one-ll monohemisuccmate-21 (XXIX) in 150 cc. 
of pure glacial acetic acid was cooled to 12° and treated dropwise with stir- 
ring with a solution of 700 mg. of chromic acid in 14 cc. of acetic acid and 
14 cc. of water. The latter portions of the chromic acid solution were 
added moi*e rapidl 3 \ The mixture was then allowed to warm to 17° over 
GO minutes, the excess chromic acid dcstro 3 'ed with a small volume of 
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aqueous sodium sulfdc, and the acetic acid removed in vacuo. The residue 
was lakon up in ctlicr, vuslied with water, and concentrated to dryness 
in vacuo. Tlic colorless glass so obtained was heated on the steam bath 
for 1 hour with 5 cc. of 2 n aqueous sodium liydroxide together withl5 
cc. of 10 per cent aqueous potassium carl)onatc. The solution was cooled, 
and the precipitated neutral product broken up into a powder, filtered, 
and washed with water. Tlic dried product weighed 860 mg. The 
aqueous alkaline washings were acidified, extracted with ether, and the 
ether layer was concentrated to dryness, giving an acidic residue of 300 mg. 
This was saponified by refluxing for 15 minutes with 1.1 N methanolic 
potassium Jiydroxidc. The solution was concentrated iii vacuo to a small 
volume, diluted wdth water, and extracted with ether. The neutral frac- 
tion so obtained (185 mg.) was separated into ketonic (115 mg.) and non- 
ketonic fractions by the use of Girard’s Reagent T, applied as described 
above. The 115 mg. of neutral ketonic material Avere combined with the 
860 mg. of neutral fraction obtained from the previous saponification and 
the entire product was crystallized from ether-pentane. The crystals 
melted at 149-150° with preliminary sintering; fajo — +56°; yield 81 ^ 
cent. Further rccrystallization gave erratic results, with the melting 
point rising and falling irregularly. Consequently no further purification 
was attempted at this stage. 

Pregnanetriol-J 7 (p ) , S0(^) , 21 -dioneS , 1 1 Diaceiaie-20 , 21 {XXXI) — Preg- 
nene-17-ol-21-dione-3,ll (XXX) (850 mg.) wms allowed to stand with a 
mixture of 7 cc. of pyridine and 7 cc. of acetic anhydride overnight. The 
solution was diluted with w^ater, extracted with ether, washed successively 
with dilute hydrochloric acid, dilute alkali, and water, then evaporated to 
dryness. The 21 -acetate was obtained as a colorless glass (910 mg.) 
which could not be obtained crystalline. After b^ing thoroughly dried 
in vacuo at 100°, it was dissolved in 14 cc. of absolute ether, to which were 
then added 770 mg. of osmium tqtraoxide and 450 mg. of dry pyridine. 
The solution began immediately to deposit brown amorphous osmate 
ester and subsequently some crystalline osmate-pyridine complex. After 
the solution had stood overnight, the ether was removed in vacuo and the 
residue refluxed for 3| hours with a mixture of 35 cc. of alcohol, 24 cc. of 
water, and 5.5 gm. of sodium sulfite. The solution was then cooled to 
abopt 30° and filtered. The residue was extracted twdee wdth 60 cc. por- 
tions of alcohol w+ich Avere filtered. The combined filtrates were con- 
centrated in vacuo to dryness, the residue was partly dissolved in 60 cc. of 
water, and the whole extracted thrice with 150 cc. portions of warm chloro- 
form. The chloroform layer Avas separated, washed wth a small volume 
of \vater, and concentrated to dryness in vacuo. The colorless gum \veighed 
910 mg. A small sample when triturated with wnter gave a product, 
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evidently a hydrate, wHch lost solvent of crystallization below 100® to 
give a non-cry stalline gum again. In order to obtain a more readily puri- 
fied derivative the crude triol was then converted to the diacetate by dis- 
soUing in a mixture of 5 cc. of pjTidine and 5 cc. of acetic anhydride. 
After standing at room temperature for 40 hours, the mixture was treated 
with a small volume of water, concentrated in vacuo, and the residue taken 
up in chloroform, washed with dilute potassium carbonate, dilute hydro- 
chloric acid, and water. The chloroform layer was concentrated to dry- 
ness in vacuo and the residue crystallized from ether. Recrystallization 
from a small volume of ethyl acetate gave needles, m.p. 212-213®; [a]© = 
-f93®. The mother liquors were chromatographed and gave additional 
diacetate. No other crystalline product was obtained; yield 86 per cent. 

Analysis — CjsHjiOr. Calculated. C 66.94, H 8. OS 

Found. " 67 .5S, 67-67, “ 7.04, 7.3S 

The poor agreement of the analysis with theory is not readily explicable, 
since the sample for analysis was purified chroraatographically and crystal- 
lized to constant melting point. 

4 - Bro7noprcgnanetrioU17(fi) ,20(fi) ,21‘dione-3 ,11 Diacetate - 20,21 

(XXXI/) — To a solution of 126 mg. of pregnanetriol-1703) ,20(p) ,21-dione- 
3,11 diacetate-20,21 in 0.50 cc, of acetic acid was added a solution of 42.8 
mg. (0.95 mole) of bromine in 0.50 cc. of acetic acid. After a few minutes 
the bromine solution was suddenly decolorized and the mixture was poured 
into chloroform. The chloroform was washed with dilute sodium bicar- 
bonate and water and concentrated to diymess in vacuo. The residue was 
crystallized from a small volume of absolute ether and melted at 188-189° 
with decomposition. The mother liquors were debrominated by stirring 
with acetic acid and zinc dust for a few minutes at room temperature. 
The recrystallized bromine-free product so obtained was rebrominated as 
before; yield 93 per cent. 

Pregnene4-inol-17(fi),20{^),21^ione-3,ll Diacetate-20,21 (XXX///) 
{Reichetein*s Substance U Diacetate) — ^A solution of 710 mg. of 4-bromo- 
pregnanetriol-17(p) ,200) ,21-dione-3,ll diacetate-20,21 (XXXII) in 70 
cc. of purified pjrridine was refluxed for 10 hours. The pyridine was almost 
entirely removed in vacuo, and the residue dissolved in chloroform, washed 
with dilute hydrochloric acid, dilute potassium carbonate, water, and con- 
centrated to dryness in vacuo. The 550 mg. of nearly colorless glass so 
obtained were dissolved in 50 cc. of benzene and absorbed on a column of 
15 gra. of alumina prepared with petroleum ether. The column was eluted 
with 75 cc. of absolute ether, which gave traces of oil and crystals. The 
following ten eluates were obtained passing through 50 cc. portions of 
ether-chloroform mixtures m the ratios 9:1, 8:2, 7:3, etc., do\Mi to un- 
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mixed chloroform . The successive fractions each weighed 50 to 55 mg. and 
melted in a steady down^vard progression from 240-249° to 204-208°. 
The lowest melting (last) fraction was rccrystallizcd from methanol, com- 
bined with the next lowest melting fraction, rccr 3 'sta!Iized from methanol, 
and so on. By this method, 151 mg. of constant melting product were 
obtained. The mother liquors were again chromatographed, and the 
fractional crj'stallization repeated, giving an additional 130 mg. of pure 
product (4G per cent). The melting point was 252.0-253.5°; [ajo = 
-4-179°.'' The ultraviolet ab.sorption showed X,„ax. = 238.5 mp; t = 
2.83 X 10'. 


ylnatj/sis— C-iIIjtOj. C.ilculatccl, C G7.24, II 7.68; found, 0 67.16, H 7.51 

Prcgnene-4-tnol-17{^),2O(0),2!-(lionc~3,ll (Rcichstein's Subslancc V) 
(I ) — solution of 2G0 mg. of pregnenc-4-triol-17(/3),20(i9),21-dione-3,ll 
diacetate-20,21 (XXXIII) in 20 cc. of methanol was treated with 5 cc. of 
water containing 150 mg. of potassium carbonate and 250 mg. of potassium 
bicarbonate at 30°. The mixture was allowed to stand overnight at room 
temperature. It was then neutralized with 0.30 cc. of glacial acetic acid, 
concentrated in vacuo to a small volume, diluted with 100 cc. of water, and 
extracted with four 50 cc. portions of chloroform. The chloroform layer 
was washed wth a little aqueous potassium carbonate and then with water, 
the aqueous washings being reextracted each time with small portions of 
chloroform. The combined chloroform extract was concentrated to dr}'- 
ncss in vacuo and the residue ciystallized by"^ triturating with a few drops of 
acetone. The crystals were washed with a mixture of cold ether-acetone, 
filtered,* and recrystallized from ether-acetone. The mother liquors (35 
mg.) were saponified and worked up as before. Total yield of pure mate- 
rial, 93 per cent, m.p. 208.5-209.5°;'= [a]o - -f 140°, 

Pregnene-/rinol-I7(3) ,20(13) ,21-onc-3 Mo)ioacctalc-2J (XXXVIII)--A. 
sample of pregncne-44riol-17((S) ,20(^) ,21-one-3 (210 mg.) was dissolved, 
with heating, in 0.50 cc. of absolute dioxane, and the solution cooled and 
treated with 77 mg. of dry pyridine and 84 mg. of acetic anhydride. Mter 
standing at room temperature overnight, the solution was treated with a 
small volume of water, concentrated in vacuo to dryness, and extracted with 
chloroform. The chloroform sohition was wa.shcd with ^\•ater and con- 
centrated to diyness in vacuo. The i-esidue was crystallized from ether 
and recrystallized from dilute alcohol. The melting point was then 189- 
192°. Mixed melting points with both the frcc triol and the 20,21-diace- 
tate were about 145-175°. Mild saponification of the mother liquors 
gave back the free triol. The corrected yield was then 87 per cent. 

“Rcichstcin iiud von Euw (o) pivo 252-253° (corrected) and [aJo = -fl7S.5°. 

• n Reichstcin and von Euw (5) give 20S° (corrected) ; no rotation is given. 
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Analysis— C,,H,jO*CH»CO. Calculated. C 70.73, H 8.7S, CHiCO 11.0 
Found. 70,73, ** 9.07, “ 10.6 

Pregnaic-4^iohl7(fi),Sl-dton€-3s20 Monoacetat€-2t {Reich^ieins Sub- 
stance S Moncacctaie) {XXXIX) and Androstene-J^’dioneS ^17 {XL ) — 
solution of 200 mg. of pregnene-4-triol-17(/3) ,20(0) ,21-one-3 monoacetato- 
21 (XXX^^II) in 18 cc. of pure redistilled glacial acetic acid was cooled to 
11® and treated dropwise over 10 minutes '^dth a solution of 100 mg, of 
chromic acid in 2 cc. of water. The solution was then kept at 11® for 1 hour 
and the excess chromic acid destroyed by the addition of a small volume of 
dilute sodium sulfite. The acetic acid was removed in vacuo (bath tempera- 
ture 55®), and the residue taken up in chloroform, washed with water, 
dilute potassium carbonate, again with ^vate^, and concentrated to dryness 
in vacuo. The residue weighed 192 mg. It was taken up in 10 cc. of ben- 
zene and put over a column of 6 gm. of alumina. ^Mixtures of ether- 
petroleum ether were then used to elute the product. From a 3:7 mixture 
of petroleum ether-ether mixture to absolute ether alone was obtained a 
total of 43 mg. of crj'stals; m.p., after recrj^stallization from acetone-petro- 
leum ether, 171.5-172®. Admixtiire with an authentic sample of andros- 
tene-4-dione-3,17 gave no depression. Successive elutions with ether- 
chloroform mixtures from 9:1 dovra to 6:4 ether-chloroform gave crude 
crystals which melted at 224-238® (9:1 fraction) down to 206“22o® (6:4 
fraction). These fractions were combined and weighed 36.5 mg. After 
two reciystallizations from methanol and one from acetone-petroleum 
ether, a product” was obtained which had a melting point of 235-238® 
(corrected) Avith slight sintering at 232®; [ajp = +118® db 4® (c = 0.7); 
Xmas. « 242 mM*, € = 1,47 X W. The compound (XXXIX) reduced an 
ammoniacal solution of silver nitrate strongly and rapidlj' at room tem- 
perature and gave the characteristic scarlet color with concentrated sul- 
furic acid. The yield was 13 mg. 

Analyyjs — C;:H350i. Calculated, C 71.10, H S.30; found, C 71 .OS, H 8.33 

The fractions obtained by subsequent elution of the column consisted 
chiefly of starting material (m.p. 190-196®, corrected) and a small amoimt 
of 20,21-diacetato which doubtless was originally present in the starting 
material. 

Pregn€ne-/ririoUl7{0) y21 -dioncS , 1 1 Monoacctate‘21 {XXXIV ) — 

A suspenson of 179.5 mg. of pregnene-4-triol-1705),2005),21-dione-3,ll 
in 0.50 cc. of absolute dioxane was heated on the steam bath imtil nearlj- 
all of the crj'stals dissolved. The solution was then rapidly cooled to room 
temperature and treated with a mixture of 63.5 mg. of pyridine and 68.5 

« Ueichstein and von Euw (25) give^239-241®, 236-23$®, and 2,3.V237® (corrected) 
as the melting points of various samjdcs*of this eomponncl; [alj, » -f 116.33® i: 4®. 
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mg. of acetic unliydridc. After standing at room temperature overnight, 
the mixture was treated with 5 cc. of ivater and tlie solvent removed in 
vacuo » Tliis was repeated with another portion of water and then \Yiih 
two 5 cc. portions of chloroform. The colorless glass so obtained ^Yas dis- 
solved in 0.5 cc. of cldoroform and 15 cc. of benzene and chromatographed 
over G.4 gm. of alumina. The fractions from 1:1 ether-chloroform to 2:8 
cther-chloroform consisted of diacetate; from 1:9 ether-chloroform to 7:3 
chloroform-acetone crystals were obtained by rubbing the concentrated 
eluates with ether. The bulk of these fractions melted at 172-174'^. The 
material could be recrj^stallized, with some difficulty, from acetone-ether. 
The melting point was unaltered; yield (of all material, m.p. about 169^ 
174°) 61 per cent. All of the remaining chromatographic fractions were 
saponified and the triol so obtained was rcacetylated (79 mg. of triol, 0.22 
cc. of dioxanc, 19.8 mg. of acetic anhydride, and 18,7 mg. of pyridine in 
0.23 cc. of dioxane; room temperature for 40 hours). Chromatography 
of the product gave additional monoacetate; total yield 87 per cent. 

Analysis — CsaHajOc. Calculated, C 68.29, H 8.00; found, C 67.90, H 7.92. 

Prcgncnc-4‘diol-17{P) y214riQne-3 jll j20 MonoQcclatc-21 {KendalV^ Com- 
'pound E Monoaedate) {XXXVI) and Adrenosterone {XXXV) — ^To a solu- 
tion of 165 mg. of pregnene-4-triol-17(j9),20(/3),21-dione-3,ll monoace- 
tate-21 (XXXIV) in a mixture of 13 cc. of glacial acetic acid and 2 cc. of 
water at 11° was added dropwise, with stirring, a solution of 85 mg. of 
chromium trioxide in 1.7 cc. of water. After standing at 11° for 15 min-' 
utes, the solution was warmed to 24° and left at that temperature for 75 
minutes, A dilute solution of sodium sulfite was added dropwise to destroy 
the excess chromium trioxide, the acetic acid then concentrated to a small 
volume in vacuo ^ and the residue taken up in chloroform. The chloroform 
layer was washed with dilute potassium carbonate, then with water, and 
concentrated to dryness in vacuo. The residue was taken up in 10 cc. of 
benzene and put on a column of 4.5 gm. of alumina prepared with petro- 
leum ether. Fractional elution with successive 15 cc. portions of solvents 
then gave the results presented in Table I. 

Fractions XVIII to X^I consisted essentially of unoxidized starting 
material; this material was combined and reoxidized as before except that 
no water other than that contained in the chromic acid solution was added; 
the oxidation mixture then stood at 11° for 90 minutes rather than at room 
temperature. Tlie product was worked up and chromatographed as be- 
fore. Fraction XII from the first chromatogram was added to the second 
oxidation product before chromatographing. 

Fractions IV to XI represented crude adrenosterone and were combined 
with the comparable fractions from the second chromatogram. Total 
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crude fraction, 54 mg. Recrystallization from acetone-petroleum ether 
and from methanol gave 35 mg. of constant melting product, m.p. 222-224®; 
[a]f = +281® (acetone) X == 239 m^; c = 1.38 X 10*. 

Analysis — CiiHuOj. Calculated, C 75.97, H 8.05; found, C 75.83, H 8.13 

Fractions XIV and XV ^Yere combined \nth the corresponding fractions 
from the second chromatogram; this material represented crude Compound 


Table I 
■»% . 

ChTomalographic Sepkration of Compound E 


Fraction Ko. 

Solvent 

Weight 

M.p. 





•c. 

I 

7. 5:7. 5 petroleum ether-ether 




11 

6.0:9.0 

Trace, crystals 


III 

4.5:10.5 

ti 

oil 


IV 

3.0:12.0 

2.7 crystals 

220-224 

V 

1.5:13.5 

5.0 

1C 

210-213 

VI 

Ether 

8.5 

c< 



14:1 ether 'Chloroform 

9.0 

f( 

224-227 


13:2 

7.0 

if 

222-225 

IX 

12:3 ‘‘ 

5.4 

It 

225-226.5 

X 

11:4 ‘‘ 

2.4 

Cl 


XI 

10:5 

2.0 

Cl 


XII 

9:6 

3.5 

cc 

211-220 

XIII 

8:7 “ ! 

3.5 

it 

235-241 

XIV 

7:8 

1.5 

(< 

219-235 

XV 

6:9 

5.0 

** cubes 

221-230 




** needles 

231-248 

XVI 

5:10 

4.0 

It 

200-220 

XVII 

4:11 

5.0 

tt 

200-240 

XVIII 

3:12 

9.0 

CC 

140-160 

XIX 

2:13 

9.0 

cc 


XX 

Pure chloroform 

13.0 

cc 


XXI 

10:10 chloroform -acetone 

50.0 

1C 




145.5 “ 



E acetate (XXXVI). The quantity of the product was increased by com- 
bining Fractions XV and XVI with the comparable fractions from the 
second chromatogram and rechromatographing. Total weight of the 
mixture, 18.7 mg. consisting of XXXVI and probably the diacetate 
(XXXIII). The 18.7 mg. were dissolved in a small quantity of benzene, 
put on a column of 0.60 gm. of alumina, and eluted with 4 cc. portions of 
ether-chloroform mixtures (see Table II). 

** Reichstein gives the melting point as 222-224® (3); [a]j> = 4-262® (alcohol) (26) 
for a sample isolated from natural sources. 
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Fractions III to VI were combined with the crude Compound E acetate 
obtained from the two previous chromatograms (total, 29.6 mg.) and re- 
crystallized from acetone-ether, from methanol, and finally from a small 
volume of acetone. It then had a melting point**^ of 235-238® with slight 
sintering at 230°; [«]d = +164° =t: 4° (c == 0.5); X max. = 238 m/i; e = 1.58 
X 10^ It reduced a solution of ammoniacal silver nitrate strongly at room 
temperature. An authentic sample of Kcndairs Compound E monoace- 
tate, which had boon purified chromatographically, had on our apparatus 
a melting point of 235-240°, with slight sintering at 225°. 

A mixed melting point with the synthetic sample showed no depression. 
An absorption spectrum of the authentic compound showed X max. = 238 
m/x; € = 1.59 X 10^ In general, the curves were completely identical 
within experimental error. 

Analysts — C-aHjoOe. Calculated, C 68.61, H 7.52; found, C 68.52, H 7.23 

Tablo II 


Chromatographic Separation of Compontid E 


Fraction No. 

Solvent 

M.p. 

I 

7:1 ether-chloroform 

•c. 

Trace, oil 

II 

6:2 “ 

Poorly crystalline 

III 

5:3 . 

222-238 

IV 

4:4 

212-233 


3:5 

215-230 


2:6 

215-225 


1:7 

Poorly crystalline 


Chloroform 

Oil 


SUMMARY 

The partial synthesis of A''®2-pregnene-4-dioI-17(i5),21-trione-3,ll,20 
acetate (KendalPs Compound E acetate) from desoxycholic acid is de- 
scribed. Other naturally occurring adrenal steroid compounds obtained 
as intermediates or by-products of the synthesis are A'*'®2-pregnene-4-triol- 
17-(/3),20(/3),21-dione-3,ll (Reichstein’s Substance U) and adrenosterone. 
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IMPROVED METHODS FOR THE PREPARATION OF 
3(a)-HYDROXY.A®-*^-CHOLENIC ACID* 

Bt ELIJAH M, HICKS. JB.f, CARL JOHN BERG,| and EVERETT S. WALLIS 
{From the Frick Chemical Laboratory^ Princeton University, Princeton) 
(Received for publication, September S, 1945) 

Any method for the synthesis of CJompound E (1) must involve the 
introduction of oxygen at the Cu position, either as a secondaiy hydroxj-I 



(D 

or as a keto group. Of all the approaches to such a synthesis afforded by 
general methods of organic chemistry, the addition reactions of a double 
bond, in this case at either Cr-Cii or at Cu-Cia, are the most attractive. 
The fact that procedures for synthesmng both of these unsaturated com- 
pounds from desoxycholic acid have been published (l-S) provides sources 
of starting material. However, the low yields reported in these prepara- 
tions have led to attempts to modify the procedures, thereby increasing 
the yield of the desired products. This study deals with the preparation 
of the compounds containing the double bond at the Cj-Cii position. 

The work of ChakraVorty and Wallis (1) on the preparation of 3(cr)- 
hydroxy-A®»^^-choIenic acid provided for the first time a method for intro- 
duction of the double bond at the Cu position. This was accomplished 
in the following manner. 3(Qr)-Acetoxy-12-ketocholanic acid was bro- 
minated with 1.05 moles of bromine at 70® for 4 hours to i^ve the cor- 
responding 11-bromo derivative. This compoimd was dehydrobromi- 
nated to 3{tt)-hydroxy-A**^'-12-ketocholenic acid by refluxing for 2 hours 
with 10 per cent sodium ethylate solution. The semicarbazone was 

• The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Princeton University. 

t Present address, E. I. du Pont de Nemours and Company. Richmond, Vir- 
ginia. 

t Present address, Merck and Company, Inc., Rahway, New Jersey. 
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prepared by refluxing for 2 liours with Bemicarbazidc acetate in dilute 
alcohol. This was reduced by heating with sodium ethylate for 15 hours 
at 180® to give the desired hydroxycholcnic acid of melting point 183- 
184®. The over-all yield, however, was poor and in this paper ^Ye wish 
to record certain improvements. Eacli of the above reactions has been 
rcsUidicd for the purpose of obtaining optimum conditions for maximum 
yields of the desired 3(a)-hydroxy-A^*”-cholcnic acid. The results of 
these experiments arc described below. 

Preparation of the Ci^ Ketone — Tlic method of Scliwenk and collabo- 
rators (4) for the direct oxidation of 3(a)-succinoxy-12-hydroxycholanic 
acid was employed. A mixture of succinic anhydride, pyridine, and 
desoxy cholic acid was heated for 3 hours on the steam bath; the reaction 
was nearly quantitative and the subsequent oxidation at room tempera- 
ture resulted in the preparation of the crj'stalline Ci2-keto compound in 
excellent 3delds. Alkaline saponification led to pure 3(a)-hydroxT-12- 
kctocholanic acid, its ph^'sical properties and conversion to various deriva- 
tives indicating excellent purit3\ 

a-Bromination of the C 12 Ketone — The high temperature bromination 
employed by Chakravorty and Wallis (1) involves the addition in one 
portion of 1.05 moles of bromine in acetic acid to a solution of 3(a)-acetoxy- 
12-ketocholanic acid in the presence of a small amount of hydrobroinic 
acid. In a restudj'' of this reaction, we have found that maintaining the 
solution at 70® for 4 hours reduces the ^deld of desired product and leads 
to a mixture of bj^-products produced b^'' halogenation reactions other 
than at Cn. Therefore, experiments were made under var3’ing conditions 
with 3(a)-formoxy, 3(Qi)-aeetox3', and 3(a)-succinoxy compounds, and 
with the methyl ester of 3(or)-benzox3’'-12-ketocliolanic acid. 

With pure cr3"stalline 3(Q:)-formox3’'-12-ketocholanic acid it was found 
that although bromination at room temperature favors the formation of 
halogen-substituted derivatives the compound brominates in an anomalous 
manner to give a crystalline tribromo derivative. 

Bromination of 3(Q:)-succinoxy-12-ketocholanic acid was found to re- 
quire a temperature of 90°. The product was a crystalline material 
melting at 234° with decomposition and having, on analysis, 1 bromine 
atom per molecule. Unfortunately, owing to difficulties in dehalogena- 
tion, the bromination of the succinate could not be used as a preparative 
method. 

Our next experiments were conducted on the acetox3^ derivative. When 
bromination of 3(a)-acetoxy-12-ketocholanic acid was carried out at 55° 
over a period of C hours (5), a clear colorless product was obtained, ^vhich 
on rcesterification could be isolated in ciystalline form. 

Good results were also obtained by the rapid bromination of methyl 
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3(a)-benzox3’-12-ketocbolanate at 90°. Although in this case no crys’ 
talline product was isolated, the non -crystalline monobromo compound 
was produced in a high >deld. Thus, despite the fact that it was necessary' 
to use the increased temperature to effect the halogenation, various side 
reactions obsei^^ed with other derivatives did not appear to take place. 

Ethylate Dehydrohalogenation of Cii’Bromo~12-J:€tochoJanic Acid De- 
rivatives — In their studies on the reaction of sodium ethylate on 3(a)- 
acetox3'-ll-bromo-12-ketocholanic acid the time of refluxing used by 
Chakravort}" and Wallis (1) was 2 hours. Because of the low yield ob- 
tamed by this method, it was suspected that since a,)9-imsaturated ketones 
are often unstable in alkali, the refluxing time used by these workers 
resulted in some decomposition in Ring C of the steroid nucleus. There- 
fore experiments were carried out with shorter periods of deh3’'drohalogena- 
tion, the time of refluxing varjing from 5 to 30 minutes. The results 
obtained indicate that, although in every’ case the reaction approaches 
completion, it Is necessary' to reflux with eth\'late onl}' 15 minutes to ren- 
der the per cent of unchanged bromo compotmd negligible; consequentl3^ 
shorter periods of dehydrohalogenation were emplo3'ed. 

The detailed results obtained are described in the experimental part of 
this paper. However, it is pertinent to summarize briefly certain of these 
obset'V'ations. Dehydrohalogenation of the bromination product of 
3(a)-formox3'-12-ketocholanic acid resulted in a mixture which for the 
most part appeared to be composed of the unsaturated cholenic acid and 
3(a)-h3'drox3’-12-ketocholanic acid. Onl3' a small amount of the pure 
3 (a) -h3'drox3'-A®'“-12-keto cholenic acid could be obtained b3' cry’stalliza- 
tion because of its similarit3' in solubilit3' to the saturated compoimd. 
Under the same concUtions it was found that the brominated succinox3' 
derivative gave very^ unsatisfactory' results; the eth3'late reduction of this 
compoimd proceeded violent^', and the product was no more pure than 
in the case of the formox3^ derivative. 

In sharp contrast to these first two derivatives, which give unsatisfactor3' 
dehydrohalogenation products even imder the milder conditions developed, 
stands the obser%'ation that the 3(a)-benzox3’’ and 3(a)-acetox3' compounds 
y'ield products of the highest purity'. In these two cases after a angle 
recrystallization, pure 3(a)-h3'drox3'-A®»“-12-ketocholenic acid is obtained 
in 25 per cent yield, and sufficient material is obtained in further crops to 
increase the ydeld to 40 per cent. Further increased yields of the desired 
A’*^‘-unsaturated 12-keto compoimd were observed when the mother 
liquors from the above cry’stallizations were dissolved in ether and treated 
irith gaseous hy'drogen bromide. The addition product so obtained was 
insoluble in ether and easily' separated. On solution in warm acetic acid 
the compound lost hydrogen bromide and on cooling gave 3 (a) -hydroxy'- 
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A®»^'-12-kctocholcnic acid. In this manner the over-all yield based upon 
3(a)-hydroxy-12-kctocholanic acid was increased to 65 per cent. 

In addition it was found that formic acid treatment of the mother 
liquors from these two reactions enables the recovery of about 35 per cent 
of the saturated Cu-keto compound. By this method, therefore, the 
yield of 3(a)-hydroxy-4’’”-12-kctocholenic acid was greatly increased. 
Its high degree of purity is indicated by its extinction coefficient in absorp- 
tion spectra measurements. 

WolJlf-Kishncr Reduction of the a ,p-UnsatuTaicd Ketone — ^Preparation 
of the scmicarbazonc of 3(a)-hydroxy-A®'^*-12-ketocholenic acid (II) 
prior to ethylate reduction m'os effected simplj’' by refluxing a solution of 
the ketone and semicarbazide in alcohol. It was found that increasing 
the time of heating of the reaction mixture from the 2 hour period used by 
Chakra vorty and Wallis (1) to the more generally employed 8 hour period 
results in a quantitative reaction. The crystalline product melts with 
decomposition at 218*^. 

It should be noted in conclusion that the original authors (1) had effected 
the Wolff-Kishner reduction of the above semicarbazone in fair yields by 
reaction in a sealed tube at 180® for 16 hours. In our hands these yields, 
as well as the purity of the resulting compound, improved by decreasing 
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the time of heating in the autoclave to 8 hours. Under such conditions 
a 70 per cent >deld of crude product melting at 176° can be obtained as 
needles. Two recr}"stallizations from acetone 3delded a highly' pure 
product of melting point 184° (III). Acetylation and methjdation resulted 
in crystalline plates of method 3(a)*acetox3"-A®»**-cholenate melting 
at 135°; [a]f = +63°. 

It can thus be seen that the preparation of pure 3(a)-h3^drox3"-A®»^- 
cholenic acid from desoxycholic acid ma^" be accomplished in jdelds vaiydng 
from 30 to 50 per cent. 

EXPERniENTAL 

S{aySuccinoxy-l 2-hydroxy cJiolanic Acid — This compoimd was prepared 
by the method of Schwenk, Eiegel, Moffett, and Stahl (4). To 500 cc. 
of dry pyridine were added 200 gm. of pure desox^^'cholic acid and 200 gm. 
of succinic anhydride. After being refluxed for 6 hours, during which 
time the solution turned black, the contents of the flask were poured into 
water. The tan-colored suspension was extracted with ether, washed 
foiu: times with hydrochloric acid (1:5), twice with water, and dried. 
Upon removal of the ether by distillation a ciystalline residue was obtained 
which melted at 224.5-226°. Yield, 236 gm. Reci^’stallization from 
alcohol gave a product which melted at 227° and agreed in other proper- 
ties with the same succinox}" derivative described b^" Schwenk et al. (4). 

S(aySucci7ioxy-12~k€iocholanic Acid— A portion (58.4 gm.) of 3(or)- 
succinox^’’- 12-hydroxy cholanic acid prepared bj^ the method described 
above was dissolved in 610 cc. of glacial acetic acid and treated at 15° 
during the course of 45 minutes with 14 gm. of chromic acid dissolved in 
175 cc. of 90 per cent acetic acid. Stirring was continued for another 45 
minutes after the chromic acid had been added. The resulting 57.2 gm. 
of crude crystalline material melted at 234-238°. Reciystallization from 
alcohol gave a pure product of melting point 236-238°, identical in proper- 
ties Rith the same compound prepared bj’ Schwenk ei al. b}' a similar 
method. 

3{a)-Hydroxy-12-ketocholanic Acid — 10 gm. of 3(a)-succinoxy-12-keto- 
cholanic acid were saponified for 1 hour on the steam bath with 6.6 gm. 
of potassium hj^droxide in 50 cc, of water. The mixture was poured into 
an ice-acid mixture; the white precipitate when washed and dried weighed 
7.9 gm. and melted imsharpty at 157-159°. Recr^'stallization from ethjd 
acetate gave needles melting at 159-161.5°. Esterification with a 1 per 
cent solution of hj'drogen chloride in methanol gave the methj*! ester in 
97 per cent jdeld. Acetylation of the methyl ester with acetic anh3'dride 
in pyridine gave meth3d 3(£r)-acetox3"-12-ketocholanate, m.p. 148.5- 
150.5°. [a]^ = +107.5° (57,2 mg. in 5 cc. of absolute alcohol solution). 
The over-all 3deld from desox3Tholic acid was 86 per cent. 
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3 (a)-7/ ydroxy-dP » ^^-12-kclocholcnic A cuL From 3 {aySuccinoxy-ll-hromo- 
12Acclocholanic Acid — 10 gm. of 3(a)-succinoxy-l?-‘kctocholanic acid were 
dissolved in 25,6 cc. of glacial acetic acid and treated mth. 25.6 cc. of a 
1,05 M bromine-acetic acid solution. The reaction was allowed to continue 
for 1 hour, after which time most of the color liad disappeared. The 
resulting cr 3 ^stallinc monobromide melted at 234®. 4 gm. of this material 
dissolved in 20 cc. of hot absoUde alcohol were added carefully to a boiling 
solution of sodium ethylate prc])ared from 4 gm. of sodium and 47*5 cc. of 
absolute alcohol. As the reaction generally was not satisfactoiy and very 
little sodium bromide was liberated, the mixture was refluxed for 10 
minutes. When the product was worked up in the usual manner, the 
residual oil on crystallization from ethyl acetate gave low yields of 3(a)- 
hydrox3’’-A®'*^-12-kctochoIenic acid of melting point 158-lGl®, Recrys- 
tallization gave crystals melting at 1G0-1G3®, compared with 171® for the 
pure compound first prepared by Chakravortj" and Wallis (1). 

Fro7n MciJvjl 3(a)-Beiicoxy-l l-bromo-12-kelocholanaie — 100 gm. of methyl 
3(a:)-hydrox3''-12-ketocholanate in 500 cc. of benzene were treated vith 24.4 
cc. of benzo 3 d chloride dissolved in 50 ce. of dry p 3 Tidinc. After completion 
of the reaction 92 gm. of meth3d 3(Q:)-bcnzoX3"-12-kctocholanate of meltbg 
point 94-95® were obtained. 20 gm, of this product in 54 cc. of glacial 
acetic acid were brominated with 54 cc. of 1.05 r\i bromine-acetic acid solu- 
tion at 85® for 45 minutes. The resulting 20 gm. of oib^ product were 
dissolved in 100 cc. of hot absolute alcohol and added slowl}’' to a boiling 
solution of sodium ethylate (20 gm. of sodium in 240 cc. of absolute alcohol). 
The reaction proceeded smoothb^, giving sodium bromide iramediateb". 
Water was added after 15 minutes of refluxing and the product worked 
up. Two rccrystallizations from ethyl acetate gave 4.9 gm. of 3(a)- 
hydrox 3 ^-A® • ^^-12-ketocholenic acid of melting point 172-173®. - 

-|-113® (15.4 mg. in 2 cc. of absolute alcohol). Further crops of cr 3 ^stals 
increased the yield. 

From 3{ayAcetoxy’-ll-br(ymo-12dyeiocholamc Add — solution of 90 gm. 
of 3(a:)-h3'drox3’-12-ketocholanic acid in 200 cc. of dr 3 ’' p 3 widine and 200 cc. 
of acetic anh 3 ’^dride was heated for 18 lioiirs on the water bath. The 
amorphous product on oystallization from aqueous acetic acid gave 63 
gm. of material melting at 192°. JFrom the mother liquor additional 
amounts of the acetoxy derivative were obtained. To 60 gm. of this 
compound dissolved in GOO cc. of glacial acetic acid at 50-60° was added 
over a period of 3 hours a solution of 12 cc. of bromine in 480 cc. of acetic 
acid. After standing 4 more hours at 55° it was worked up in the usual 
manner to yield a non-cr 3 ^stalline bromo derivative. 20 gm. of this prod- 
uct dissolved in 130 cc. of absolute alcohol were added slowly to a refluxing 
solution of sodium ethylate (24 gm. of sodium in 275 cc. of absolute alcohol). 
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The reaction proceeded smoothly and after 10 minutes the product was 
worked up. Crystallization from ether and from eth^d acetate gave 4 gm. 
of 3(ct)-hydrox>"'A^’''-12-ketocholenic acid which melted at 16S-170®. 
From the mother liquor additional amoxmts of this compound were obtained 
to increase the yield to 65 per cent. In one case this was, accomplished b 3 ’' 
dissolving in ether the material in the mother liquors and treating the 
solution with gaseous hydrogen bromide. The addition product so 
obtained was crj’stallized and filtered. On solution in warm acetic acid 
the compound lost hydrogen bromide and on cooling additional amounts of 
3(a)-h3‘droxy-A®»"-12-ketocholenic acid crystallized. 

From 8{ayFonnoxy-ll-hromo~t2-J^lochoIanic Acid — Wben 7.9 gm. of 
3(a)-hydroxy-12-ketocholanic acid were dissolved in 25 cc. of 98 per cent 
formic acid and the solution allowed to stand for 12 hours, a ciystalline 
3(Q:)-fonnoxy derivative in 97 per cent jdeld was obtained, m.p. 203-204°. 
Reciy'stallization from alcohol gave 7 gm. of product, m.p. 203-204.5°, 
Wy ~ +116.5° (17.3 mg. in 2 cc. of absolute alcohol). A solution of 
25 gm. of this product in 75 cc, of glacial acetic acid was treated for 16 
hom-s at room temperature udth 75 cc. of a 1.05 m bromine-acetic acid 
solution. The product was then worked up in the xisual manner. From 
a concentrated ether solution (250 cc.) a small amount of ciy’stalline 
material separated. Weight, 2 gm.; m.p. 135-142° (with decomposition). 
Recrystallization from alcohol gave crj'stals which melted at 145.5-147°, 
W? +24.2° (49,4 mg. in 5 cc. of acetone solution). 

Analysis — CjsHjsOsBrj, Calculated, C 45.S0, H 5.39; found, C 4620, H 5,5S 

The ether filtrate was evaporated to drj-ness to give a brominated non- 
crystalline residue. A solution of 3.6 gm. of this material in 20 cc. of 
absolute alcohol was poured slowly into a refluxing sodium ethylate solu- 
tion (4 gm. of sodium dissolved in 46 cc. of absolute alcohol). Refluxing 
was continued for 15 minutes, after which the product was worked up. 
Great difficulty was encountered in getting a crystalline material of high 
puritj*. The first reciystallization from ether gave a product which melted 
unsharply at 158-163°. Five reciA'stallizations from ethyl acetate gave 
0.5 gm. of 3(cE)-h3'drox3'-A®*^M2-ketocholenic acid, m.p. 168-169°. The 
3{ot)-formox3’ derivative was prepared by dissolving a portion of this 
material in 98 per cent formic acid. Recr>*stailization from dilute acetone 
gave white plates wliich melted at 169-170°. 

8(a)-Hydroxy-A^ •'^^-cholcnic Add — ^To 15.7 gm. of pure 3(a)-h3*droxy- 
A® »”-12-ketocholenic acid dissolved in 120 cc. of alcohol were added 9.5 
gm. of sotUum acetate and 7.8 gm. of .‘^cmicarbazide hydrochloride in 15 cc. 
of water. The solution was refluxed for 8 hours and the alcohol was 
removed hy distillation. The ciystalline residue was leached with hot 
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water, dried, and repeatedly washed with ether. The product melted at 
218-221° and weighed 15 gm. To 2 gin. of this scmicarbazone was added 
a solution of sodium clh 5 date { G gm. of sodium in 70 cc. of absolute alcohol) 
and tlie contents were sealed in a tube and placed in an oven at 180° for 
12 hours, Tlic material was worked up and 0.9 gm. of crude product, 
m.p. 173-178°, was obtained. This ^dcld was increased to 70 per cent 
when the time of licating at 180° was cut to 8 hours. Four recrystalliza- 
tions from acetone gave plates which melted at 181-“184°. [a]p® = +54.2° 
(15.5 mg, in 2 cc. of absolute alcohol solution). 

The crystalline acetox}'' methyl ester was prepared in excellent jdeld by 
the action of diazomethane followed by acetjdation. It melted at 133- 
135° and liad [a]p^ = +02.9° (92.4 mg. in 10 cc. of absolute alcohol). 

Methyl S{ayHydroxy-A^*^^-12-hciochohnaic — Mcthylation of 1.0 gm. of 
3(a)-hydroxy-A®'^'-12-ketocliolcnic acid with 0.34 gm. of diazomethane in 
ether gave an oil which, on cr 3 '’stallization from ether, melted at 116-117 • 
[oi]^ = +109.5° (21.0 mg. in 2 cc. of absolute alcohol solution). 

Analysis — CssHigO*. Calculated, C 74.54, 11 9.51; found, C 74,63, H 9.53 

S{a)-Acctoxy-A^^^^-12-kctocholenatc — 1 gra. of the methyl ester prepared 
by the method described above was treated on the water bath vdth 5 cc. 
of acetic anhydride in 10 cc. of dry p^uddine. 'When the product was 
worked up, an oil was obtained which, on crystallization from methanol, 
gave crystals of melting point 138-139°; [a]o == +110.8° (22.4 mg. in 2 cc, 
of absolute alcohol solution). 

Analysis-— CzTBmOs. Calculated, C 72.94, H 9.07; found, C 72.90, H 9.17 

We take this opportunity to express our thanks to the Committee on 
Medical Research of the National Research Council for a grant-in-aid 
which made this work possible. We also thank Merck and Company, 
Inc., Rahway, New Jerse 3 ^ for the anal3^ses published in this paper. 

SUMMARY 

Improved methods have been developed by which the preparation of 
3 (a:)-hydrox 3 ^-A®'^^-cholenic acid from desox3'cholic acid may be effected 
in yields of 50 per cent. 
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THE INTRODUCTION OF OXYGEN INTO THE STEROID 
NUCLEUS AT THE Cu POSITION* 

By ELIJAH M. HICKS, jR.,t axd EVERETT S. WALLIS 
{From the Frick Chemical Lahoraloryy Princeton XJniteTeilyj Princeton) 
(Received for publication, September 8, 1945) 


Concurrently with studies made on the preparation and rearrangement 
of oxides (1) derived from Cg-Cu- and Cu-Cn-unsaturated steroids, other 
addition reactions to these double bonds have been studied. In this paper 
we wish to describe oxir results obtained by the action of hypobromous 
acid on methyl 3(cif)-acetoxy-A®-“-cholenate. Application was made ot 
the Schmidt reaction of hypobromous acid with double bonds. With 
methyl 3(a)-acetoxy-A®-“-cholenate (I). a crystalline product (II) was 
obtained. Chromic acid oxidation of this latter compound followed hy 
debromination with rinc in acetic acid yielded an oil which partiall 3 ' 
crystallized. CJhromatographic fractionation yielded two products. Frac- 
tion I melted at 132° and was found to be identical with the starting mate- 




CH, — C — 0 


CHa — C — 0 



O 

(III) 

• The work described in this paper was done under a contract, recommended bj’ 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Princeton University. 
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rial (I). Fraction 11 molted at 132-131'', with «intcriug at 118''. This 
compound we l^oHcvc to be niothyl 3(a)-acctoxy-ll-ketocholanatc (III). 
A mixed melting point determination with a product prepared according 
to the method of Ott and Reiclistoin (2) by application of the Schmidt 
reaction to methyl 3(a:)-ace(oxy-A”-'cholenate, and ascribed by them the 
same structure, gave no depression. 

In this connection we should like to point out that the action of nitrosyl 
chloride on methyl 3(a)-acctoxy-A^'**-cholcnate has also been .studied. 
Pure nitros}'! chloride prepai'cd according to the method of Skinner (3) 
wius allowed to react with this nnsaturalcd steroid at room temperature 
for 20 hour.s. Removal of the solvent in the cold jdeldcd a crystalline, 
colorless material which began to decQm])osc at 10°. Because of the 
instability of this compound all attempts to remove halogen and obtain 
the desired ketone either as such or in the form of its oxime failed. In 
our liands only starting material was isolated. 

EXPKRmi:KTAL 

Methyl S{a)~Aceioxy-ll-k€tocholanol€. From Methyl S(a)-Ac€/oxi/-A®‘^^- 
cholenate — ^To a solution of 500 mg. of methyl 3(ce)“acetoxy-A°‘^^-cholenatc 
dissolved in 15 cc. of tertiary butyl alcohol and 6 cc. of 0.4 K sulfuric acid 
were added 220 mg. of N-bromoacetamidc. After 2 minutes a bright 
5'^ellow color developed in tlie solution. The reaction was stopped and 
sodium bisulfite solution was added until decolorization was complete. 
Water was added slowly and on standing a crystalline material separated. 
This product was filtered and dried. It melted at 131-133° and was 
found to be starting material. The mother liquors were concentrated 
to dryness. 

A solution of 200 mg. of this material dissolved in 5 cc. of glacial acetic 
acid was treated for 12 hours at room temperature uith 0.10 gm. of chromic 
acid dissolved in 1 cc. of acetic acid. The mixture was then poured into 
water, extracted with ether, washed with carbonate solution, and with 
water, and dried. On evaporation a crude crystalline product was ob- 
tained which gave a positive Beilstein halogen test. 

To a solution of 170 mg. of this crude bromoketone in 5 cc. of acetic acid 
was added an excess of zinc dust. The mixture was stirred on the steam 
bath for 25 minutes. Filtration of the zinc was followed by removal of 
the acetic acid. The residue was taken up in ether, washed with, sodium 
carbonate solution and water, and dried. On evaporation 150 mg. of 
an oily product were obtained. This material was fractionated chromato- 
graphically as follows: It was dissolved in 20 cc. of petroleum ether 
(30-60°)-benzene solution (1:2), and placed on a column of 8 gm. of acid- 
washed Merck's alumina. Tlie pi’essure head was 220 mm. of mercury. 
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On developing the chromatogram and elution ^nth benzene-petroleum 
ether (3CM50°) in varjdng proportions (10 per cent benzene to 70 per cent 
benzene), two crj'stalline fractions were obtained. Fraction I weighed 
37 mg, and on recrj'stallization melted at 132°, A mixed melting point 
determination with methyl 3(a)-acetoxy-A’''^-cholenate gave no depression. 

Fraction II weighed 40 mg., and reciy'staUization of a portion of this 
material from methanol gave plates which melted at 132-134°, with 
sintering at 118°. [aYo = “-hGS.S® (20 mg. in 2 cc. of acetone solution). 
A mixed melting point determination with 3(a)-acetox3'-A®''^-cholenate, 
m.p. 131-134°, gave a depression. A mixed melting point determination 
Avith a sample of mefhyl 3(a)-acetoxj'-ll-ketocholanate of melting point 
130-133° (sintering at 118°), prepared from methyl 3(a)-acetoxy-A^^- 
cholenate according to the method of Ott and Reich-stein (2), gave no 
depression. 

Aclion of \ilrosyl Chloride on Methyl S(a)-Aceloxy-A^*^^-chol€note — ^To 
225 rag. of methyl 3(a)-acetoxy-A®**^‘cholenate (m.p. 131-134°) dissolved 
in 20 cc. of anhydrous ether was added 0.10 cc. of pure liquid nitrosyl 
chloride prepared according to the method of Skinner (3). A glass stopper 
was inserted in the flask and the solution was allowed to stand at room 
temperature for 20 hours. After tins time the solution was cooled to 0° 
and the liquid removed in vacuo. As the solution was concentrated, 
clear ciy’stals formed which gave a very strong poative Beilstein test. 
When the flask was allowed to warm up to about 10°, decomposition of 
the ciy'stalline product began. This was stopped immediately by cooling 
and by dissolving the product in 25 cc. of dr 3 ^ ether. 

To tins solution were added 50 mg. of Adams’ palladium oxide catal 3 'st 
and the contents were submitted to hj’drogenation under 1 atmosphere of 
hj^drogen. The solution was shaken ovemi^t at room temperature, and 
after filtration of the catalj-st, it was evaporated in vacuo at 0°. 

To insure complete removal of halogen the oily product as obtained 
was dissolved in 15 cc. of acetic acid and treated with zinc dust. When the 
product was worked up, an oil was isolated which was reesterified and 
reaeetylated. After chromatographic fractionation 66 mg. of a ciystalline 
product were obtained which, when recrystallized from methanol, melted 
at 129-132°. A mixed melting point determination with a sample of 
methyl 3(a)-acetoxy-ll-ketocholanate gave a depression. When a similar 
mixed melting point determination was made with a sample of method 
3(a)*acetox3’’-A®-'^-cholenate, no depression was observed. 

We A\'ish to take this opportunitj’ to express our thanks to the Committee 
on Medical Research of the National Research Council for a grant-in-aid 
which made this work possible. 
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SUMMAnV 

A mcthotl is described for the introduction of ox 3 'gcn into the steroid 
nucleus at the Cij position. 

Methj'l 3(ar)-acc(oxy-ll-kctocho]nnatc has been prepared from methyl 
3(«)-acetoxj'-A®'”-cholonatc bj' the action of hypobromous acid, followed 
by oxidation of the secondary’’ hydroxy] group and by reductive removal 
of the halogen. Tlic compound crj'stallizes from methanol in large flat 
hexagonal plates of melting point 132-134° (sintering at 118°); Wd = 
+68.5° (acetone). 
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(Received for publication, September 8, 1945) 

preparative methods developed by Chakravorty and Wallis ( 1 ) 
and improved by Hicks, Berg, and Wallis ( 2 ) and by Alther and Reichstein 
( 3 ) the 3 (a)-h 3 ’drox}^cholenic acids containing double bonds at the Cs-Cu 
and the Cu-Ci2 positions respectively are readilj' available. An attractive 
method, therefore, for introducing oxj'gen either as a ketone or as a secon- 
dary hj-droxyl at the Cn position lies in addition reactions of these un- 
saturated compoimds. It would seem that one such method of introduc- 
tion of this grouping essential in the synthesis of Compound E would 
consist in the rearrangement of oxides derived from the two cholenic 
acids mentioned above. Such reactions might be imagined to proceed 
according to the accompan3nng diagrams (I to 'XY). 

If instead of rearrangement simple h3’'drol3'sis of the oxkio compounds 
should happen to occur, rearrangement studies of the gl3’cols so formed 
would be of interest, for in the case of the Cg-Cu oxide the only possible 
keto compound which could be produced would be the desired Cii ketone. 

Therefore, it seemed pertinent to stud3’ methods for the direct conver- 
sion of these unsaturated cholenic acids to keto and glycol derivatives 
through the preparation and rearrangement of their oxides. 

In order for us to obtain starting material for rearrangement studies, 
methods of preparing II and IX from the corresponding cholenic acids 
were investigated. The application of perbenzoic acid to the Cs-Cn 
double bond was shown b3’ Chakravort3" and Wallis^ to 3deld an oxide 
mixed with a certain amount of starting material. Since in their hands 
difficulties were encountered in obtaining this oxide in a pure state, a 
method was sought wffiereb}- a stronger oxidizing agent could be used. 
The action of potassium permanganate, lead tetrapropionate, osmium 
tetroxide, h3"drogen peroxide, and perbenzoic acid xmder a variet3" of 
conditions w^as investigated, and preliminar3’ to our study' of the action 
of certain of these reagents on II and IX, conditions for oxide formation 

• The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Princeton University. 

t Present address, E. I. du Pont de Nemours and Company', Richmond, 'Virginia. 

t Present address, Merck and Company', Inc., Rahway, New Jersey-. 

^ Chakravorty-, P, N., and Wallis, E. S., unpublished data. 
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were investigated with various derivatives of cholesterol, sitosterol, flftd 
ergosteroK 

The use of lead tcirapropionatc and of osmium tetroxide as the oxidi^ 
ing agent led to results wliicli arc not of special interest in connection wth 
this particular problem. However, the action of potassium permanganate 
and of perbcnzoic acid did lead to results of sufficient interest to warrant 
a description of them at this time. With orgosioryl acetate, whose system 
of conjugated double bonds in Ring B liad been protected by maleic 
anhydride,- hydrogen peroxide gave a pure C 22 -'C 23 -oxido compound of 
melting point 224-228®. When the maleic anhydride addition product of 
dchydrocrgostcryl acetate was used as n starting material, a C^-Cu) C^Czr 
dioxido compound of melting point 256-257® was obtained in good 
yield when pcrbenzoic acid was the oxidizing agent. 

Our next studies involved the use of potassium permanganate. The 
treatment at room temperature of cholestcryl benzoate udth this reagent m 
acetic acid yielded a cr^^stalline oxide which melted at 150° and was pre- 
dominantly the i3-oxide. A similar result was obtained with ^-sitoster}’! 
benzoate. In order to test this rapid method of oxide preparation on a 
bile acid derivative, the action of potassium pennanganate on the known 
methyl 3(a:)-acetoxy-A®»^^-cholenate,- and on methyl 3(a)-acetoxy-A'^- 
cholenate, prepared by the method of Kendall et aL (5), w'as studied. 
With the latter compound a Cn“Ci 2 -oxido derivative of melting point 
142.5®, [a] p® = +56.9°, was obtained in 65 per cent yield. These constants 
are in excellent agreement with those observed by Press and Reichstein (6) 
for the same compound prepared by the action of perbenzoic acid. 

Extension of this method of permanganate oxidation to method 3{o:)- 
acetoxy-A^'^^-cholenate resulted in mixtures of two isomeric oxides. Chro- 
matographic fractionation yielded a low melting oxide, m.p. 1 1 7~1 18®, [«]d - 
+53.1®, herein referred to as the j8-oxide and identical with an oxide of 
melting point 117.5°, = +50.1°, prepared by the action of perbenzoic 

acid, and a high melting oxide of melting point 146-146.5°, [a]p == +109^ 
herein referred to as the a-oxide. Small amounts of starting material 
were also isolated. It was observed that the proportions of these t\vo 
oxides varied with the conditions of the experiment. For example, higher 
yields of the a-oxide were obtained when the potassium permanganate 
was dissolved in 50 per cent aqueous acetic acid. 

Chemical properties of c^'clic oxides have been extensively studied and 
the opening of oxide rings has been effected with a variety of reagents. 

2 \Vc would like to record at this point that in the preparation of ergosteryl acetate 
maleic anhydride prepared according to the method of InhofTcn (4) a new isomer of 
this compound was isolated. It has a melting point of 174-176°. Wd « —207° 
<22.2 mg. in 2 cc. of chloroform solution). 
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Space docs not permit an exhaustive re\dcw of this work. Neither is it 
necessan' to discuss in this paper the various mechanisms by means of 
which such oxides are rearranged to ketones or converted to gb’cols. It 
is pertinent, however, to cite a few examples from the field of the steroids 
Avhich have had a direct bearing on this particular investigation. Thus, 
Femholz (7) obtained 305)-acetoxycho]estandiol-3,5 from cholesteiyl 
acetate a-oxide when the latter compoimd Avas hydrogenated vnth the 
aid of a platinum catal^'st. The same result Avas obtained b}- Chinaeva 
and Ushakov (8) Avhen phenyl lithium was used as the reducing agent. 
When Grignard reagents are emploA^ed (8, 9), it has been obserA'ed that 
oxido cholester>d acetate is converted to 6-ketocholestanol acetate. Rear- 
rangement of Cg-Ce oxides to Cc ketones has also been effected by other 
methods (9, 10). It is interesting to note, however, that in many cases the 
two forms of the oxides in question behave differently' (9, 10). Also, in 
some instances when acids such as hydrogen chloride are employed (9~11) 
chlorohydrins are isolated as the first products of the reaction. 

Steroid oxides have also been hydrolyzed to glycols. Thus, Windaus 
and Westphalen (12) and Spring and Swain (9) have obtained Cs-Ce- 
glycols by the action of sulfuric acid upon cholesteryd acetate or-oxide and 
cholesteryd acetate ^-oxide respect h’ely. Similarly', acetic acid treatment 
of the a-oxide of 30S)'acetoxyandrosten-5-one-17 has been shoAvn by^' 
Ehrenstein (13) to yield 3,G-diacetoxy'“5-hy'droxy'androstanone-17. 

With these experimental results in mind both hy'droly'tic and rearrange- 
ment studies of the oxides of methyi 3(a)-acetoxy'-A®''^-cholenate and 
methyd 3(a)-acetoxy'-A^^-cholenate Avere made. With the latter com- 
pound difficulty' AA'as encountered in rean-angement studies with such agents 
as magnesium bromide and zinc chloride. This fact rendered very doubt- 
ful the possibility' of an attack on the Cj-Cn oxide by' such reagents, 
since in an oxido compound of this kind the oxy’gen is protected by' the Cio- 
methyi group, as is graphically’ demonstrated by’ the construction of a 
Fischer-Hirshfelder model. This idea was further substantiated by' our 
initial experiments on catalytic hy'drogenation. The C9-C11 oxide is not 
susceptible to such reactions. Neither is the oxide ring sensitiA'e to the 
action of common mineral acids. A chemical change was obsen'ed, 
howeA'er, AA'hen this oxide AA’as treated AAith hy’drogen fluoride. 

In order to determine conditions under AA'hich such a reagent AA’as most 
effectiA'c in opening oxide rings w’e first studied its action on the a- and 
/3-oxides of cholesteryl benzoate. It was soon obser\’ed that the major 
problems inA'olved AA’ere concerned AAith temperature, soh'ent, and length 
of reaction time. Thus, it w’as found that at temperatures aboA’e —50° 
almost complete decomposition of the oxide to non-cry'stalline material 
took place. Therefore, all reactions except one w'ere carried out at tempera- 
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turcs of —80° over periods of lime of less than 5 minutes. Platinum 
crucibles with covers were employed as reaction vessels and mixing was 
accomplished by addition of the crj'stallinc oxide with stirring to the cold 
anhydrous liquid acid. An initial experiment ^vith cholesteryl benzoate 
a-oxidc in liquid hydrogen fluoride for 20 minutes showed that the reaction 
time was far too long. Only when the time of reaction was reduced to 
5 minutes or less was it possible to obtain a ciystalline product from this 
oxide. Under these conclitions a ciystallinc compound was isolated wWch 
melted at 204°, [a]n® = —12.7° in chloroform, and was shovTi by analysis 
to be a triol monobenzoate, differing, however, in configuration from the 
glycol obtained by sulfuric acid treatment of cholesteiyl benzoate a-oxide. 

In the hope that a kctonic product might be obtained by rearrangement 
various attempts ivere made to prevent hydrolj'sis of the oxide ring. Thus, 
instead of pouring the product of the reaction into water, studies were 
made of the quenching effect of ether, alcohol, and acetic anhydride, and 
of the solvent effect of carbon tetrachloride. Although in some instances 
the product of the reaction was not as clean cut, in all cases the same triol 
monobenzoate was produced, and when the reaction mixture was poured 
into absolute alcohol somewhat higher yields of the gtycol derivative were 
obtained. It is of interest to note in this connection that the highest 
yields of the a-glycol jmonobenzoate rvere obtained when carbon tetra- 
chloride was employed as a solvent. When acetic anhydride w'as used as 
solvent, no appreciable amount of reaction occurred. 

Similar studies were carried out on cholesteryd benzoate jS-oxide. Since 
Ehrenstein (13) has observed that the action of sulfuric acid on the two 
oxides of dehydroisoandrosterone acetate gives the same gljmol, and, thus, 
has demonstrated that the hj^drolj'sis proceeds b}' a different mechanism, 
it was hoped that there would be a possibility of obtaining a Ce ketone by 
rearrangement of the /3-oxide w'ith hydrogen fluoride. Howmmr, repeti- 
tion of the above reactions with the fl-oxide again jdelded a triol mono- 
benzoate, but in this instance the mechanism of hydrolysis of the isomeric 
oxides proved to be the same and a different triol monobenzoate herein 
called the fl-gljmol monobenzoate of melting point 188°, [a]c° = in 
chloroform, xvas obtained. Since this glycol monobenzoate is also different 
from the one obtained by Spring and Swain (9) by the action of sulfuric 
acid on the a-oxide of cholesteryl benzoate, v e can conclude that three of 
the four possible isomeric glycols have been accounted for. 

Our next experiments w'ere carried out on the “jS-oxide” of methyl 
3(a)-acetoxy-A”-cholenate (5). Conditions for the reaction were the 
same as those previously employed except that the reaction time was 
confined to 1 minute. On w'orking up the product, methyl 3(a)-acetoxy- 
11 , 12 -dihydroxycholanate was obtained in yields of 35 per cent. The 
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pure comi)ound melted at 140°, [a]^® = +59.4° in absolute alcohol. Saponi- 
fication of this material followed by mcthylation yielded a compound of 
melting point 135°, [a]},® 4^47.5° in alcohol. 

The action of hydrogen fluoride on the **i9-oxide” of methyl 3(a)-acetoxy- 
A®*^^-cliolcnatc was found to proceed in a somewhat different manner. 
Preliminary runs with the ‘^/S-oxide” when the reaction time was 5 minutes 
led to the formation of non-ciystallizablc oils. When, however, the time 
Avas decreased to 1 minute or less, the oil so obtained yielded, upon chromat- 
ographic fractionation, two crystalline products of melting point 130°, 
Wd® = +43° in dioxane, and 144°, [a]l^ = -27° in dioxane, respectively. 
The lower melting compound was .shown hy analysis to contain no oxygen 
in Ring C. Absorption spectra showed the presence of a conjugated sys- 
tem of double bonds. The higher melting product Avas sho^^^l by analysis 
to contain an oxygen atom in Ring C. It Avas found to be stable to chromic 
acid, but perbenzoic acid treatment shoAved the presence of a double bond. 
Thus it is our belief that the reaction of lydrogen fluoride on the ^-oxidc 
of meth 3 d 3(a)-acetox,y-A°*^^-cholenate proceeds as in the accompanying 
structures. 


EXPERIMENTAL 

C 22 -C 23 Oxide of Ergosieryl Acetate Maleic Anhydride — 1.8 gm. of ergos- 
teryl acetate maleic anhj^dride (m.p. 216°), prepared according to the 
method of Inhoffen (4) Anth slight modifications, Avere dissoh^ed in 6 cc. 
of acetic acid and treated for 5 hours on the Avater bath Antli 1 cc. of 30 
per cent hj'drogen peroxide. On AA'orking up the product cry’stals Avere ob- 
tained Avhich melted unsharply^ at 221-224°, On reciystallization three 
times from acetone and after careful drying the pure compound melted at 
224-228°; = —13° (20 mg. in 2 c(*. of dry chloroform solution). 

Analysis — C 34 H 4 bOfi. Calculated, C 73.S1, II S.72; found, C 73.88, H 8.78 

New Isomeric Form of Ergosteryl Acetate Maleic Anhydride — The mother 
liquors from the Inhoffen (4) preparation of ergoster 3 d acetate maleic 
anhydride were concentrated and then taken up in meth 3 d alcohol. 
Ciystals AA’ere obtained AA^hich on further recrystallization to constant melt- 
ing point from methanol melted at 174-176°; [a]^ = —207° (20 mg. in 
2 cc. of diy chloroform solution). 

Analysis— CiillisOL. Calculated, C 76.08, H 9.02; found, C 76.18, H 9.14 

C' 9 -Cji, C 22 -C»H Dioxide of Dehydroergosteryl Acetate Maleic Anhydride— 
Dehydroergosteiyl acetate maleic anhydride Avas prepared 1)3’ the metliod 
of Murke (14, 15). 0.4 gm. of this .substance AA'as treated for 3 days Avith 
a 2-fold excess of perbenzoic acid dissoh^ed in chloroform. On AA'ofking 
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\ip tlie product 0.1 gm. of material of melting point 218-235° was obtained. 
Five recrj'stallizations from eth}*! acetate gave crj'stals which melted at 
256-258°; [a]l* — —8° (20 rag. in 2 cc. of dr>" chloroform solution). It 
can be cr>"stallized also from acetic acid. 

Analysis — CjJluO?. Calculated, C 71. SO, H S.51; found, C 71.77, H 8.37 

CholesicnjI Benzoate p~Oxidc — A solution of 1.3 gm. of potassium per- 
manganate (1.1 m) in 12 cc. of water and 20 cc. of acetic acid was added 
at room temperature to 5.0 gm. of cholesterjd benzoate dissolved in 100 cc. 
of glacial acetic acid and 20 cc. of chloroform. After 20 minutes the reac- 
tion mixtm*c was worked up. Crystallization of the crude material from 
ethyl acetate gave 1.7 gm. of needles of melting point 147-150°. Addi- 
tional amoimts of material were obtained by concentration of the mother 
liquors. A mixed melting point determination with a sample of the ^-oxide 
of melting point 149-150° prepared by the usual method gave no depression. 

fi-Silosteryl Benzoate p-Oxidc — A solution of 5.0 gm. of /S-sitostend benzo- 
ate (m.p. 145-147°) in 100 cc. of acetic acid and 50 cc. of chloroform was 
treated at room temperature for 15 minutes vdth 1.2 gm. of potassium per- 
manganate dissolved in 90 cc. of acetic acid and 10 cc. of water. Bisulfite 
decolorization was followed by addition of water, chloroform extraction, 
washing, drying, and removal of solveirt. The crystalline product so ob- 
tained melted at 181-184°; [a]“ = 4-8.6° (39.2 mg. in 5 cc. of chloroform 
solution). 

Methyl S(a)-Acetoxy-ll(^) jl2{0)’Oxidocholanate — 3 gm. of methjd 3(a)- 
acetox 3 ’-A^*-cholenate were dissolved in 30 cc. of glacial acetic acid and 
treated in one portion with 2.25 gm. of potassium permanganate in 170 
cc. of 90 per cent acetic acid. After 2 minutes the reaction mLxtiue was 
worked up in the usual manner. Crystallization from methanol gave 1.9 
gm, of a product which melted at 134-137°. Further rcco'stallization 
from methanol gave a product of constant melting point of 140-142°; 
[a]^ = 4-56.9° (10.2 mg. in 2 cc. of absolute alcohol). 

.4HflZi/sis — CriH^Oj. Calculated, C 72.61, H 9.48; found, C 72.78, H 9.3S 

M cth yl 3 (a) -.4 cctoxy-9 1(0) -oxidocholanate — '^lethjd 3 (a) -acetoxx- 
A®-'’-cholcnate, m.p. 133-135°, [a]f = 4-62.9°, was prepared from 3-h.v- 
droxy-A^ • "-cholenic acid (1,2). A solution of 280 mg. of this ester in 0.5 
cc. of chloroform was treated for 6 hours at room temperature u4th 1.2 cc. 
(1.2 n) of perbenzoic acid in chloroform. On working up the product crys- 
tals were obtained wliicli after two reciystallizations from dilute acetone 
gave 200 mg. of plates melting at 115.5-117.5°; [a]^ = 4-50.1° (16.8 mg. 
in 2 cc. of absolute alcohol solution). 

Analysis — CjiHcOj. Calculated, C 72.61, H 9.4S; found, C 72.55, H 9.W 
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3(a)-ncctoxy.A>.".cholenate (m.p. 133- 
lai , |aj„ _ +09.4 ) prepared by n melliod developed by Schwenk (pri- 
vate eomnninicn(ion) was subjected to the same procedure. The yield 
o co'stalhno product was 225 mg., m.p. 116.5-118.5°; [a]l^ = +531“ 
(17.G mg. m 2 cc. of absolute alcohol solution). 

/iHo/ysis-C.-jIbiOj. Calculated, C 72.61, H 9.48; found, C 72.76, H 9,70 

Several experiments were carried out with potassium permanganate as 
le 0 X 1 agent. In all cases a mixture of products was obtained which 
consis e o starting material and two isomeric oxides in varying amounts, 
epen mg on the conditions of the experiment, which could be separated 
by chromatograpliic fractionation. 

experiment 600 mg. of methyl 3(a)-acetoxy-A’’'"-cholenate were 
isso ve in 12 cc.^ of glacial acetic acid and treated in one portion with 
Aff ^n* permanganate in 12 cc. of 90 per cent acetic acid, 

o . ^ f 1 reaction mixture was worked up in the usual manner, 

ijs a s were obtained which melted unsharply at 123° and were obviously 

1 ^-310 gm.; Wd = 4-64.0° (17.5 mg. in 2 cc. of absolirte 

alcohol solution). 

zlna/i/sts-CirHoO,. Calculated, C 72.61, H 9.48; found, C 74.15, H 9.95 

In another experiment 1.3 gm. of methyl 3(a)-aceto.xy-A®- ^•-cholenate 
ere 30 cc. of glacial acetic acid and treated at room tempera- 

potassium permanganate dissolved in 4 cc. of wafer 
+V. ' ^ acial acetic acid. After 20 minutes bisulfite was added and 

the product worked up. Crystallization from ether gave 0.54 gm. of a 

TtS r ^ ^\1{7-120°. a second crop of crystals (0.53 Jn.) was 
at 112-lis° of the mother liquors. This material melted 

residue. ' ^^O^ors gave 0.5 gm. of an oily 

su^itTerf^tn v ere then dissolved in benzene and separately 

submitted to chromatographic analysis. Specially treated Merck’s 

raHer rlTnnd "I^^nt was a mixture of benzene 

^ n ^ ^ under a pressure head of 220 mm. of 

mercury. On developing the chromatogram Fraction I yielded 415 mg. 
of a crystalline product melting at 117-123° and 64 mg. of a compound 

fraction f reciystallizations of the low melting 

fraction from methanol pve crystals which melted at 133-135° (identical 
with the starting mateml). Purification of the higher melting fraction 
led to a compound melting at 146 _ (see below). From Fraction II ^Yere 
obtained 169 mg. of a material melting at 106-112°, which on recrystalliza- 
tion gave crystals of the /S-oxide of melting point 116-118°. A small 
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lunount of starting material (37 mg.) was also isolated from this fraction. 
On similar treatment Fraction III yielded 165 rag. of crude jS-oxide 
(m.p. 10G~110®), which on purihcation melted at 117^, and approximately 
200 mg. of an unidentified oil. 

Methyl 3{a)-Aceioxy-9{a) ,ll(ayoxidocholanate — ^In the experiment de- 
scribed above onlj' small amoimts of this isomeric oxide were obtained. 
We have obsen’ed that the isolation of this isomer from the reaction mix- 
ture is easier if the o.xidation is carried out in the presence of more water. 
Thus, the addition at room temperature of a slight excess of a 5 per cent 
solution of potassium permanganate, dissolved in 50 per cent aqueous 
acetic acid, to 500 mg. of methj’l 3(a)-acetox\"-A®' ^^-cholenate gave a 
product which upon chromatographic analysis, as described above, and 
recrystallization from dilute acetone melted at 146-146.5°; [a]^ = -f- 109.1° 
(16.0 mg. in 2 cc. of absolute alcohol solution); yield, 85 mg. 

Treatment of 10 mg. of this product with chromic acid (3 mg. in 1 cc. of 
95 per cent acetic acid) for 12 hours gave back starting material which 
melted at 146°. Similar treatment of 39 mg. of the same material in 
chloroform with perbenzoic acid for 20 hours showed that it was also inert 
to the action of this reagent. Titration showed that no perbenzoic acid 
had been consumed and, on working up the product, 25 mg. of crj^stals 
were recovered which melted at 145° and were found to be identical with 
the starting material. 

A mixed melting point determination of a sample of this compound, 
m.p. 145°, fa]n = +109°, with method 3(a)-acetoxj"-12-ketocholanate, 
m.p. 148-150°, [a]V = +107.5°, was 136-142.° 

Analysis — CsrHcOi. Calculated, C 72.61, H 9.48; found, C 72.37, H 9.90 

Action of Hydrogen Fluoride on Cholesteryl Benzoate a-Oxide — 2 gm. of 
cholesteo’l benzoate or-oxide of melting point 163-164°, prepared by the 
action of perbenzoic acid on cholesterjd benzoate, were added with imme- 
diate solution to 20 cc. of liquid hj'drogen fluoride in a platimun crucible 
at —50°. An orange color developed and after 20 minutes the solution 
was poured into 600 cc. of ice water. On working up the product, no crys- 
talline material could be isolated. 

2 gm. of cholesteiyd benzoate a-oxide were treated as described above 
except that the reaction time was only 5 minutes and the temperature was 
—80°. Crj'stallization of the product from acetone gave plates which 
melted at 199-204° ; yield, ^.4 gm. Two recrystallizations gave plates melt- 
ing at 204-205°; = —12.7° (18.8 mg. in 2 cc. of chloroform solution). 

Analysis — CatHjjOi. Calculated, C 77.81, H 9.99; found, C 77.44, H 10,07 
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1 gin. of ('lu)k'sfcryl benzoate a-oxide \vas added to a solution of 5 cc. 
of liquid hydrogen fluoride in 25 cc. of carbon tetrachloride at -20°. 
After 5 minufo.s the product was worked up in the usual manner. Crj'stals 
wore obtained which molted at 202-201°; j’icld, 0.3 gm. 

1 gm. of cholcsteryl benzoate a-oxide was added to a solution of 3 cc. 
of liquid hydrogen fluoride in 25 cc. of acetic anhj'dride at -73°. Since 
there was no apparent change, the temperature was raised to -1-45°, and 
then the .solution Avas poured into water. On working up the product, 
0.75 gm. of starling material was isolated. 

1 gm. of cholcsteryl benzoate a-oxide was added to 7 cc. of liquid hydro- 
gen fluoride at —80°. After 5 minutes the solution was poured into 50 cc. 
of acetic anhydride at —50°. Crystals were obtained which melted at 
194-198°. Rccrystallization from acetone and ethyl acetate gave plates 
which melted at 204-205°. 

0.5 gm. of cholcsteryl benzoate a-oxide was added to 15 cc. of liquid 
hydrogen fluoride at —80°. After 3 minutes the solution was poured into 
a large volume of ether at —80°. A vigorous reaction took place, after 
which the solution was worked up. An oil was obtained which crystallized 
with difficulty. Four rccrystallizations from acetone gave a crystalline 
material which melted at 190-195° and though not pure contained for the 
most part only the triol monobenzoate. 

Action of Hydrogen Fluoride on Cholcsteryl Benzoate ^-Oxide — A portion 
(0.9 gm.) of cholcsteryl benzoate /3-o.xide (m.p. 149-150°) was added to 
12 cc. of liquid hj'drogen fluoride at —80°. After 5 minutes the solution 
was poured into water and worked up in the usual inannei’. Needles were 
obtaihed from acetone which after three reciystallizations melted at 186- 
188°; [a]n = ±0.0° (17.8 mg. in 2 cc. of chloroform). 

Amhjsi&—Qu\h,Oi. Calculated. C 77,S1, II 9,99; found, C 77.51, H 10.03 

Action of Hydrogen Fluoride on Methyl S{a)-Accloxy-ll{0) ,12l0)-oxido- 
cholanalc. Preparation of Methyl 8{a)-Acctoxy-ll , 12 -dihjdroxycholamlc— 
To 7 cc. of liquid hj-drogen fluoride at —80° was added 0.3 gm. of methyl 
3(a)-acctoxy-ll(j8),12(/S)-oxidocholanate. After 5 minutes the reaction 
mi.\'tiire was poured into water and worked up in the usual manner. The 
crude crystalline product weighed 0.10 gm. and melted at 133-136°. Three 
crystallizations gave a compound of constant melting point, 146-147°; 
Wd** = -f 59.4° (17.5 mg. in 2 cc. of absolute alcohol solution). 

Analysis — Calculated, C 60.79, II 9..j6; found, C 69.50, II 9.40 

When a mi.\ed melting point determination tvas made of this compound 
with the starting material, a depression was observed. Saponification of 
0.2 gm. of this product with 10 cc. of 2.5 per cent methanolic potassium 
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hydroxide gave a non-crj’stalline oil. Treatment of this oil, however, with 
diaromethane gave a crude co’stalline product of melting point 12Ckl29°. 
Five ciystallhzations from acetone and ether gave a compound melting 
at 134.5-135®; = +47.5® (16 mg. in 2 cc. of absolute alcohol solution). 

Action of Hydrogen Fluoride on Methyl S{ayAc£toxy-9(fi),lH0)-oxido- 
choIanate—(a) To 7 cc. of liquid hydrogen fluoride cooled to —80® were 
added 190 mg. of methyl 3(a)-acetox}"-905),ll0S)-choianate, m.p. 115.5- 
117.5®. After 30 seconds the solution ^Yas poured into water and worked 
up as usual. A non-crj'stalline oil was obtained. Yield, 148 mg. This 
material was dissolved in 10 cc. of benzene and adsorbed on a column of 
6 gm. of specially prepared Merck’s alumina. The chromatogram was 
developed under a pressure of 220 mm, of mercuiy*, first by a mixed solvent 
of 70 and 30 per cent pentane followed by pure benzene, and finally by a 
mixed solution of benzene and dieth^i ether in vailing proportions. Two 
distinct fractions were obtained. Fraction I when ciw'stallized from dilute 
acetone melted at 129-130®, Fraction II w+en cn^stallized from dilute 
acetone melted at 143-144°. 

(5) The above axperiment w'as repeated with 200 mg. of meth}’! 3(a)- 
acetoxy-9(j8),ll03)-ox5docholanate of melting point 116.5-118®. Solution 
was efi'ected in 4 cc. of liquid h 3 'drogen fluoride at —SO® and after 30 seconds 
the produ ct was w'orked up in the usual manner. A non-ciy'st alline product 
(165 mg.) was obtained which on chromatographic fractionation again 
gave two compounds of melting point 129-129.5® and 143-143.5® re- 
spectivel}’, 

(c) The mother liquors from the cr 3 'stalIizations in e.xperiments (a) and 
(b) were united, evaporated to dr^mess, and again submitted to chromato- 
graphic analysis. The non-co'stallme material w'as dissolved in 15 cc. of 
benzene and 10 cc. of pentane and was placed on the column in the manner 
described above. 

On development of the chromatogram further amounts of Fractions I 
and II were obtained. The total yield of Fraction I obtained in the two 
experiments was 94 mg. A sample of the product which was submitted 
for analysis melted at 130-131®; [a]n° = +43.0® (6.1 mg. in 0.50 cc. of 
dioxane solution). 

Analgsi^ — CsrHioO^ (a diene). Calculated, C 75.66, H 9.41; found, C 75.97, H 9.6 

The absorption spectrum showed a maximiun at wave-length 244 m/i, with 
molecular e.xtinction coefficient of e = 420. The low value for e suggests 
that the double bond originally found in tlic 8,9 position had largeK’ 
migrated to the 14,15 position. 

The total \ield of Fraction II obtained in the two experiments was 
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227 mg. A sample of the pure product which was submitted for analysis 
melted at 143-144°; [a]o* = —27,0° (5,9 mg. in 0.50 cc. of dioxane solution), 

Analiisis—CiillnOt (an unaaluralcd diol mononcetato methyl eater) 

Calculated, C 72.01, II D.tS; found, C 72.41, H 9.60 

Action of Chromic Acid on diethyl S{a)'Accloxy-9-hydroxy-A^'-cholenak— 
10 mg. of methyl 3(a)-accloxy-9-hydroxy-A”-cho)cnate were dissolved in 
0.5 cc. of acetic acid and treated with 2.5 mg. of chromic acid dissolved in 
1 cc. of 95 per cent acetic acid. The solution wn.s allowed to stand for 12 
hours, and then worked up in the usual manner. The non-crj'stallinc 
residue so obtained was dissolved in hot acetone from which, on standing, 
cry^stals of starting material were obtained of melting point 143-144°. It 
can, thus, be concluded tliat tlic nature of o.vy'gcn in Ring C is not that of a 
secondary hydroxyl group. 

Action of Pcrhcnzoic Acid on Methyl S(a)-Accloxy- 9 -hydroxy-A^^-cholenak 
■ — 8 mg. of the above material were dissolved in 2 cc. of chloroform solution 
of perbcnzoic acid (1 n). After G hours standing at room temperature the 
reaction mi.vture was tested rvith potassium iodide solution. Titration 
showed no appreciable perbenzoic acid to be present. Thus the presence 
of a double bond in Ring C is indicated. 

We wish to take this opportunity' to express our thanks to the Committee 
on Medical Research of the National Research Council for a grant-in-aid 
w'hich helped make this work possible; also to the Allied Chemical and Dye 
Corporation for a fellow'sliip for one of us. Finally we are indebted 
to Merck and Company', Inc., Rahway, New Jersey, for the microanalyses 
and absorption spectra published in this paper. 

SUMMARY 

Certain steroid oxides have been prepared and improved conditions for 
oxide formation have been investigated. 

The chemical properties of these cy'clic oxides have been studied and the 
opening of the oxide ring with hydrogen fluoride has been effected. Both 
hydrolytic and rearrangement studies of the oxides of methyl 3(Qr)-acetoxy- 
A^’^^-cholenate and methy'l 3(a)-acetoxy-A**-choIenate have been carried 
out and the nature of the products formed has been determined. 

A new isomeric form of ergostery'I acetate maleic anhydride has been 
prepared and the dioxide of dehydroergosteryl acetate maleic anhydride 
has been characterized. 
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EXPERIMENTAL STUDIES IN THE STEROIDS. THE 
OXIDATION OF METHYL 3(a)-^ACETOXY.ll-KETO- 
12^BROMOCHOLANATE* 


By DAVID M. CLARK,! NORMAN G. BRINK,! and EVERETT S. WALLIS 
{From the Frick Chemical Laboratory, Princeton University, Priiiceton) 

(Received for publicatioo, September 8, 1945) 

An important intermediate in the synthesis of Compound E (I) is a 
compound ■v\*hose structure is that indicated in formula IL This latter 
compound (m.p. 162-163®) has already been prepared by Sarett (1) by 
step by step degradation methods. In this paper we vrish to describe cer- 
tain oxidation experiments by means of winch we have been able to remove 
the cholanic acid side chain in one operation. For this purpose* methyl 
3(a)-acetoxy-ll“keto-12>bromocholanate was prepared by the method of 
Reich and Reichstein (2) as modified by Sarett (1). 

In our hands this compound melted at 170-178®. When it was sub- 
mitted to oxidation by a method similar to that of Ruzicka and Gold- 
berg (3) and the products of the oxidation worked up in such a manner as 
to remove the neutral ketonic material free from bromine, there was iso- 
lated in small yields by chromatographic methods Compound II, m.p. 
158-160®. 


EXPERIMENTAL 

10 gm. of methyl 3(a)-acetoxy-ll-keto-12-bromocholanate, m.p. 176- 
178®, were dissolved in 355 cc, of glacial acetic acid and to the solution, 
which was kept at 85-90®, there was added dropvdse over a period of 
4 hours, T\ith stirring, a solution of 14.4 gm. of chromic acid dissolved in 
14.4 cc. of water and 46.6 cc. of glacial acetic acid. After the addition was 
completed, the mixture was stirred for another 4 hours at a temperature 
of 85-90®. To the solution 45 cc. of methyl alcohol were then added and 
the contents were evaporated to a small volume (75 to 100 cc.) under 
diminished pressure. W^ater was then added and the material was ex- 

• The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research anil 
Development and Princeton University. 

t At present a lieutenant in the United States Naval Reser\*e. 

! Present address, Research Laboratories, Merck and Compan 5 % Inc., Rahway, 
New Jersey*. 

* This particular compound was chosen because it was our belief that the intro- 
duction of bromine to the 12 position a to the ketone group would sufficiently stabilize 
Ring C so that during the course of oxidation the ring would not be ruptured. 
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traded with cf her. Tlio c(hcr layer was washed ^v*ith a 10 per cent solution 
of potai^siuni carlionato several times to remove acidic materials. It was 
then dried and the ether evaporated completely on a steam bath. A white 
crystalline residue was obtained (weight, 5.2 gm.). 

This residue was taken up in 200 cc. of acetic acid and debrominated in 
the usual manner with zinc dust. After debromination was complete, the 
material was poured into water and extracted vnih ether. On working 
up the ether-soluble product, a pale yellow dscous oil (3.78 gm.) Avas 
obtained. 

Removal of non-kctonic neutral material Avas effected in the folloAring 
manner. The pale 3 ’'c 1 Ioav oil described above Avas taken up in 200 cc. of 
benzene and the solution evaporated to dr^mess. Methyl alcohol (14 cc.) 
AAms added and a A\diitc cr3’'stallinc material separated. Tliis Avas dissolv’ed 



CHj 

(I) (ID 


under a reflux and to the solution were added 1.75 gm. of Girard’s Reagent 
T and 1.4 cc. of glacial acetic acid. The refluxing was continued for 1 hour. 
After cooling, 72 cc. of ice Avater were added, and, with shaking in an ice 
bath, 140 cc. of 0.135 N NaOH (ice-cold) were added in small portions. 
The contents (still acidic) AA’ere shaken for an additional 10 minutes and 
then extracted Avith ether. The ethereal solution was washed and Avorked 
up in the usual manner. Weight of the non-ketonic neutral fraction, 
3.51 gm. 

The aqueous solution from the above experiment Avas treated AAith 3.67 cc. 
of 6 N H2SO4, calculated to bring the pH to 2.9 to 3.0. After about 45 
seconds it was extracted with ether and the ether layer AA^orked up in the 
usual manner. A crude crystalline product (50 mg.), of melting point 
125-128°, was obtained (melting point of methyl 3(a)-acetox3''-ll-keto- 
cholanate 130-132°). 
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To the aqueous portion after the removal of the product described above 
there was added enough ice-cold sulfuric acid to bring the acidity of the 
solution to approximatel3' 0.75 x in H2SO4. After standing overnight at 
room temperature it was extracted with ether and the ether-soluble fraction 
worked up. To the oilj" residue so obtained there were added 75 cc. of 
water and the contents of the flask were submitted to steam distillation in 
order to remove volatile ketonic material. The non-volatile residue (197 
mg.) was taken up in 10 cc. of benzene, and the solution evaporated in order 
to free the material from traces of water. It was then reacetj'lated bj' 
treatment with 1.8 cc, of acetic anhj’^dride and 2,0 cc. of p3Tidine at the 
temperature of the water bath. The reacet3’lated product was submitted 
to chromatographic anal3"sis, and the chromatogram developed with a mix- 
ture of petroleum ether and dieth3d ether. Two fractions were obtained. 
Fraction I was rechromatographed and then taken up in a small volume of 
eth3d acetate. Pentane was added and the solution was seeded with an 
authentic specimen of the 3 (ot)-acetoxy-l 1,17-diketone prepared b3' 
Sarett (1). Cr3'stalline rosettes soon formed and after several da3's stand- 
ing were filtered and recr3^stallized. The product so obtained (10 mg.) 
melted at 158-160° and with an authentic specimen furnished us b3" Dr. 
Sarett gave no depression of melting point. 

SUiBIARY 

The oxidation of meth3d 3(a)-acetox3'-ll-keto-12-bromocholanate with 
chromic acid has been studied. Small yields of 3(cK)-acetox3’cholandione- 
11,17 have been isolated, m.p. 158-160°, identical with the product of 
melting point 159-160° prepared by Sarett b3" step b3" step degradation 
methods. 
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EXPERIMENTAL IN^’ESTIGATIONS IN THE CHEMISTRY OF 
RING C IN DESOXYCHOLIC ACID* 

By KOmUN G. BRIXKt .vs© EVERETT S. WALLIS 
{From the Frich Chemical Laboralori/, Princeton UnirersiC^t Princeton) 

(l^cceived for publication, September S, 1945) 

In 1938 it was reported by ^Marker and Lawson (1) that when 3(a)- 
aceto\y-12-ketocholanic acid is brominated at 70° and the resulting crude 
bromoketone refluxed with methanolic potassium hydroxide a compoxmd 
melting at 196° is obtained in about 35 per cent ^deld. To this substance 
was assigned the structure 3(a),ll-dihydroxj'-12-ketocholanic acid (I). 
These authors also described the preparation of a “3 'monoacetate” (11), 
of melting point 268°, in unspecified ^deld. By certain modifications of 
their method the same dihydroxyketocholanic acid has been prepared by 
Longn'ell and Wintersteiner (2). However, these latter workers have ad- 
vanced endence that the “3~monoacetate” of Marker and Lawson actually' 
is not II but is either a 3-acetox>' lactone or, more probabh', a bimolecular 
anhydride diacetate. LongiveU and Wintcrsteiner obtained the true mono- 
acetate on refiiLxing with 33 per cent acetic acid. Their product melted 
at 106°, and the analysis agreed 'with a heraihydrate of a dihydroxj'keto- 
cholanic acid monoacetate. 

At the time the present investigation was begun, no method for the 
introduction of oxj'gen, cither as a secondaiy hydro.yjd group or as a ketone, 
into the Cn position of the steroid nucleus was knonm. The failure of vari- 
ous orthodox methods led us to an investigation of the possibility of pre- 
paring an ll-ketosteroid, namely 3 (a) -hydroxj'-ll-keto cholanic acid (ITI), 
by first opening Ring C to a Cii”Ci;-tricarbox 3 ’Iic acid (III), transforming 
the carbox 3 ’I attached to Cja to a — CH- * COOH group, and then closing 
Ring C with eventual formation of the desired 11-ketone. 

The proposetl series of reactions, as originalh^ cnrisioned by us, is repre- 
sented in'structmes I to The starting material (I) was prepared 

according to Longn'ell and lYlntersteiner (2). No particular difficult}' was 
anticipated in opening Ring C by oxidation with chromic acid, since Reich- 
stein (3) had converted in this manner methyl ll-hydroxy-12-ketocholanate 
to the corresponding dibasic acid in excellent rield. Compound III pos- 

• The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Princeton University. 

t Present address, Research Laboratories, Merck and Company, Inc., Rahway, 
New Jersey; formerly Sayre Fellow, Dupont Fellow, and Procter Fellow, Princeton 
University. 
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sesses carboxj'l groups attached to secondary", tertiary', and quaternary 
carbon atoms and it was hoped that the rates of esterification of these three 
carboxyls might be sufficiently different to effect the partial esterification 
leading to the monobasic acid (R^). For molecules of such complexity 
and sensitmty the only method of lengthening the carbon chain of the 
acid {i.e. conversion of IV to V) seriously to be considered is that invohdng 
the Wolff rearrangement. Once this has been accomplished, it would 
appear that the product could be converted to 3(ot)-hydroxy-ll-keto- 
cholanic acid On[I) either b3' a Dieckmann condensation via the inter- 
mediate or bj' pyrolj'tic ring closure of the dibasic acid from V. 

In our hands, however, the low yield (less than 20 per cent) obtained in 
the preparation of the necessaiy^ monoacetate of the dihj'droxj^ketocholanic 
acid compelled us to turn our attention to other methods for the oxidative 
cleavage of the grouping in Ring C which would not affect the unprotected 
Ca-hj’^droxyl group. It is interesting to note in this connection that re centlj' 

O C4H8COjCH, CiHiCOjH 

COjH 

CHO 

Pb(OAc)4 
Saponification 

HO HO 

(VIII) (IX) 

Longwell and Wintersteiner (2) in their studies on the preparation of II 
also obtained this compound in low jdelds. 

The Criegee oxidation of glycols (4) with lead tetraacetate in glacial 
acetic acid has recently been extended by Baer (5) to the cleavage of 
a-hj'drox^’- ketones, the onl^^ significant change being that 90 per cent acetic 
acid is used as solvent. However, when applied to the meth}’’! ester of the 
dihydroxyketocholanic acid (\TLII), this technique gave us in only poor 
yield 3 (a) -hydroxy-11 ||12-cholane aldehyde ll-diacid-12,24 (IX), of melt- 
ing point 246-253°. 

In an effort to obtain IX in better yield, it was decided to studj^ the 
periodic acid oxidation of 3(a),ll-dih3’drox3'-12-ketocholanic acid. The 
reaction was carried out in aqueous solution buffered with sodium bicar- 
bonate and containing a few per cent of ethyl alcohol. Because of its solu- 
bility the sodium salt was used. The oxidation, which was followed b^' 
titrating the unused periodate with arsenite, proceeded essentiallj' to com 
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iitNO (; or i)i;.so.\'V(’{rou(.' acid 


jilclion when (lie «olu(ion stood overnight at room temperature. In our 
hands, (lie yield of the liydroxy akleliydc dibasic acid (IX) was 70 per cent. 
The analytically pure product melted at 248-25-1°. 

Acet 3 '}n(ion and chromic acid o.vidation of IX gave in 42 per cent yield 
3(a)-acetoxy-lll|12-cliolnnc triacid-11,12,24 (III), m.p. 229-232°. The 
aldchj'dc group, however, proved quite resistant to oxidation, 4 days at 45° 
being required to convert it into a carbox.vl group. Saponification of this 
acetoxj' tribasic acid gave a hydro.xy triba.sic acid of melting point 
249-253°. 

As has been previousli' indicated, it was expected that the carboxyl group 
on Oi 3 in the tribasic acid, being attached to a quaternary carbon atom, 
would not be esterified in the acid-catalj'zed reaction Avith methanol, 
whereas the carboxyl group attached to C 9 might be esterified by this 
treatment. On reacetjdation this would lend to the acid diester (liO- 


0 C,H,CO,CH, 


AcO 



C,H,COjCH, 


AcO 



Actually, we found that neither of the carboxyl groups of Ring C Avas 
esterifiable AAuth methanol and acid. Only the monoester, 3(a)-acetoxy- 
lll|12-cholane diacid 11,12-methyl ester-24 (X), m.p. 208-209°, Avas ob- 
tained. On refluxing AA’ith thionjd chloride, this latter compound gave 
an anhydride (XI), m.p. 206°. 

Our inability to prepare the desired monoacid diester (IV) led us to a 
study of the aldehydic compound (IX). It has already been pointed out 
that the aldehj'^de group in this molecule is relatively unreactive. HoAAWer, 
it seemed advisable to determine its behavior toward certain other reagents, 
as for example alkali, methjd alcohol and mineral acids, acetic anhydride, 
and diazomethane. 

It AA'as found to be completelj'- unreactive toAvard all these reagents. 
Thus, AA'hen treated AA’ith an excess of diazomethane, the hydro.xy aldehyde 
diacid gave in excellent jdeld 3(o!)-hydroxy-ll||12-cholane aldehyde 11* 
dimethyl ester-12,24 (XII), m.p. 128.5-129.5°. This compound aa'ss easily 
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acetylated to the acetoxy aldehyde dimethyl ester (XIII), m.p, 127-12S®. 
On standing overnight in methanol containing 2 per cent of concentrated 
sulfuric acid, the hydroxy aldehyde diacid was converted to 3(a)-h3’droxy- 
ll||12-cholane aldehj'de 11-acid 12-meth3d ester-24 (XH^, m.p. 148-149.5°; 



CiH^COjH 




CO:CHj 

CHO 

1 1 

/\!/\/ 


C.^COjCH, 

! 

J/\ 


HO 


/\/ 


(IX) 


(XII) 



(XVI) 


(XV) 


under these conditions no dimethyl ester was formed. Acetylation of XIV 
gave 3(a)-acetoxj'-n||12-cholane aldehyde ll-acid 12'methyl ester-24 
QiX), m.p. IGS-lvr. 

It was also obseiwed that vigorous treatment with alkali failed to saponify 
the quatcmarj' carbomethox.v group attached at Cu. Thiis the reaction 



G72 


KL\(? c or Di:soxv<;nouc acid 


of the dimethyl ester (XII) with either potassium carbonate in dilute 
methanol at room temperature or with boiling mcthanolic potassium hy- 
droxide gave only 3(«)-li3'droxj’'-ll]|12-cholane aldehyde 11-inethyl ester 
12-acid-24 (XM), of melting point 108-170^ 

The Caraldchydc, however, did react in typical fashion vdth hydroxyl- 
amine to form an oxime, 3(a)-acctoxy-111112-cholane aldoxinc 11-dimethyl 
cstcr-12,24 (XVJI), m.p. 148.5-149.5^ 

Tlic reactions outlined above indicate that the acetoxy aldeh 3 ’de acid 
ester (X\’’) would be a suitable starting point for a Wolff rearrangement 
leading to the desired homoacid or ester (XX) as indicated below, provided 
that the diazoketone (XIX) could be prepared. Compound XX could 
then be converted bj" chromic or peracetic acid oxidation of the aldehyde 
group to V or one of its suitable derivatives which would be amenable to 
ring closure, ns previousl}' indicated. 



(XVII) 

For this purpose Compound XV was converted to the corresponding acid 
chloride (XVIII) hy treatment ^vith thionyl chloride. The reaction was 
found to be almost quantitative and the chloride so produced was easily 
obtained in cr 3 ’’stalline form of melting point 137-139°. When refluxed 
TOth methanol in the presence of a little mineral acid, it was converted to 
XII, the Ci 2 -carboxyl group being esterified by this sequence of reactions. 
When a solution of the acid chloride, however, was added to cold ether 
containing an excess of diazomethane, no reaction took place. Nor could 
the formation of the diazoketone be effected by changing solvents or work- 
ing at higher temperatures. Apparently the reaction is completely pre- 
vented by the extreme steric hindrance of the quaternary acid chloride. 
This observation is in agreement with the findings of Litvan and Kobin- 
son (6) who could not form a diazoketone from the sterically hindered 
camphoric acid a-methyl ester /3-acid chloride. 

In an effort to find a method of preparation of sterically hindered diazo- 
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ketones of this type the above reaction was studied in pjTidine. Since 
the formation of a diazoketone may well involve the attack of a positive 
RCO"^ ion on the diazomethane molecule, followed by loss of a proton, 
and since pjTidine forms 'with many acid chlorides reactive salts of the 
t>T>e (RC0C5H5'N)‘^C1“, we undertook to prepare such a complex between 
the organic base and the steroid acid chloride, hoping that this complex 
might be isolated and then caused to react rapidly" with an excess of diazo- 
methane, forming the diazoketone. 

When the above acid chloride was heatod for 5 da 3 '’s at 45° in carefully 
dried pjTidine, removal of the solvent gave an oil3" 3’ellow residue which 


C^HiCOsCHj 



COCHNs C^HiCO-CH, 

\|A 

CHO 

/xiA/” 


AcO 


(XVIII) 


(XIX) 


COjCH, 



(XX) 


cr3’stallized on addition of toluene. A small portion of this material, 
washed \rith ether hy centrifuging and dried in a stream of air, melted 
unsharpl3- at about 195° and gave a strong^' positive Beilstein test. It was 
at first believed that this was the desired salt, (RC0CsH5X)+Cl“. Further 
study showed, however, that it was an equimolecular mixture of P3Tidine 
h3"drochloride and a steroid derivative, designated as Compound A. 

This substance is neutral and is a fine white powder, melting at 199-201°. 
It contains neither nitrogen nor halogen. On the basis of its mode of 
formation, anal3"sis, and molecular weight, together with certain other 
chemical properties described below, we believe this compound to have the 
structure XXI. 
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The analytical data eliminate any monomeric structures; that the mole- 
cule is a dimer is shown by its observed molecular weight of 948, as com- 
pared with the calculated value of 952, When Compound A was refluxed 
with absolute methanol containing 2 per cent of concentrated sulfuric acid, 
neutral and acid fraction,? of almost exactly equal molecular amounts were 
obtained. The neutral fraction was identified as XII. This result is con- 
sistent only with an acid anhydride structure. Final confirmation of struc- 
ture XXI was obtained by treating Compound A with hydroxylaminc. 
The product, which melted at 181.5-183°, was found to be a dioxime. 


OAc 


\y 


Clio 

1 \ 

c=o 

\ 

CO2CH2 \ C,H,CO.CHj 

0 =C I 

\|/\ 

CHO 


/\| 


AcO 


(-XXI) 


EXPERIMENTAL* 

S{a)-HydTOxy-ll\\12-cholane Aldehyde 11 -Diacid-12 ,24 {IX) — ^E-xactly 
5.00 gm. of 3(a) , ll-dihj'droxy-12-ketocholanic acid were dissolved in 35 cc. 
of hot ethyl alcohol and 51 cc. (10 per cent excess) of 0.24 N sodium hy- 
droxide were added. The solution was transferred to a 500 cc. volumetric 
flask and 4.6 gm. of sodium bicarbonate were added and dissolved. 

To a solution of 3.09 gm. (10 per cent excess) of periodic acid, HsIOs, 
in 125 cc, of water, was added slowl}' and with swirling a solution of 4,6 gm. 
of sodium bicarbonate in about 75 cc. of water. The resulting mixture was 
added slowly and with constant swirling to the material in the volumetric 

* All melting points recorded in this paper are uncorrectod. AH rotations were 
taken in acetone, with a 1 dm. .seinimiero tube; c — O.S to 1.3. 
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flask, and the whole was made up to 500 rc. with water. The solution was 
clear at this point. 

The course of the reaction was followed by \\ithdrawmg 1 cc. aliquot 
portions, adding a little sodium bicarbonate and a few cr^^stals of potassium 
iodide, and titrating the liberated iodine udth 0.01 x arsenite solution. 
After standing overnight at room temperature the reaction mixture was 
Avarmed to about 45® and maintained at that temperature until 97 per cent 
of the theoretical amount of HsIOe had reacted. 

The solution Avas diluted uith 2 or 3 volumes of Avater, acidified to Congo 
red Avith hydrochloric acid, and extracted with about 1 liter of ether. The 
ethereal solution aa’os washed AAdth AA^ater until neutral, during AA'hich opera- 
tion a small amount of material cr}"stallized out and was collected sepa- 
rately. The ether solution aa’us dried AAith sodium sulfate for 30 minutes, 
filtered, and concentrated to about 100 cc.; at this point most of the product 
had separated in crj’stalline form. The product aa'us filtered and Avashed 
AAith dry ether. The ^deld of the first crop AA'as 2.55 gm. of AA*hite crystals, 
m.p. 240-245®. Tavo additional crops were obtained by further concen- 
tration of the mother liquor. The total jdeld of product melting above 
240° AA'as 3.C3 gm. (70 per cent). A sample for anal 3 'sis AA^as crj'staUized 
from dilute ethjd alcohol and from acetone until it melted constanth' at 
248-254®. [crJo = +67.2®. 

Atialysis — CjtHnOi. Calculated, C 6S.21, H 9.06; found, C 6S.39, H 9.28 

lilethj’l 3(a),ll-dih3"droxj'-12-ketocholanate (0.25 gm.) AA'as prepared b3' 
treatment of the corresponding acid with diazomethane. It AA'as dissolved 
in 8 cc. of 90 per cent acetic acid and 0,25 gm. of freshl 3 ' prepared lead 
tetraacetate was added. After 2 ^ hours on the steam bath the mixture 
AA'as cooled, and 0.13 cc. of concentrated sulfuric acid added; the precipi- 
tated solids AA'ere removed centrifuging. The liquid was taken up in 
ether, AA'ashed Avith water, and the ethereal solution extracted with dilute 
sodium h^'droxide. The alkaline extract AA'as heated for 20 minutes on the 
steam bath to complete the saponification, then cooled, and acidified. The 
floccuJent precipitate was filtered and dried. Yield 90 mg. of cr>'stals, 
m.p. 230-237°. After one recrystallization from acetone the material 
melted at 246-253®. 

Neulralization Equivalent — Calculated, 211.5; found, 209 

S{ayAceloxy-ll\\lS-cholaneTriacid-ll ,12 ,2/f (///)— A portion (3.31 gm.) 
of 3{o')-hydro.\T-lli|12-cholane aldehyde ll-diacid-12,24, m.p. 247-253° 
dissolved in a mixtnre of equal volumes of p^iidine and acetic anhydride 
was heated on the steam bath for 40 minutes, after which the solvent was 
removed in vacuo. The residual oil was dissolved in 53 cc. of acetic acid 
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and to the cold solution were added 2.31 gm, of cliromic acid in 13 cc. of 
water and 200 cc. of acetic acid. Tlic mixture was placed in a thermostat 
at 45®. After 4 days the solution was cooled, alcohol added, and the solvent 
removed under reduced pressure. The residue was extracted vith ether 
and washed with dilute sulfuric acid and vdih water. Concentration of the 
dried ethereal solution gave 1,08 gm. of a poorly crystalline product, m.p. 
229**232®, Rccrystallizations from ether and from ethyl acetate failed to 
raise the melting point. On concentration of the mollier liquor, an addi- 
tional 0,51 gm. of product of the same melting point was obtained. The 
total yield of material melting at 229-232® was 42 per cent. 

Neutralization Equivalcnt--C*tJiit,Os. Calculated, 1G0.2; found, 164 

S{cx)-Acetox7/-l l\\l^-cholan€ Diacid 11 jl2-M ethyl Ester-84 (X) — solu- 
tion of 1.08 gm. of the acetoxy triacid, m.p. 229-232®, in 10 cc, of absolute 
methanol containing 0.1 cc.. of concentrated sulfuric acid was allowed to 
stand overnight at I’oonr temperature. Tlie solution was then poured into 
150 cc. of cold water and worked up in the usual manner. The resulting oil 
was acet 3 dated with 2 cc. of acetic anh 3 "dride and 2 cc, of pyridine by heat- 
ing for 20 minutes on the steam bath. An oil was obtained which crys- 
tallized readily from dilute methanol to give clusters of needles, m.p. 
202-204®. Repeated rcciystallizations from dilute methanol gave material 
which melted constantl 3 " at 208-209®. The total 3 deld of cr 3 "sta]s melting 
above 202® was 0.9 gm. (81 per cent). 

Ana?i/s?WC27lI«08. Calculated, C 65.56, H 8.56; found, C 65.65, H 8.49 

S{a)-Aceioxy-l l\\12-cholanc Diadd Anhydride 11 , 12-Methyl Ester-24 (XI) 
— ^A small amount (0,4 gm.) of the acetoxy diacid methyl ester, m.p. 202- 
204®, was refluxed for 15 minutes with 7 cc. of pure thionyl chloride. The 
latter was distilled, 2 cc. of toluene added, and the solution evaporated 
again to remove traces of thionyl chloride. The residue cr 3 ^stallized almost 
^mmediatel 3 ^ Reciystallization from absolute ether gave beautiful needles, 
m.p. 200-206.5°. The material was neutral and free of halogen. 

[af^ - + 110 ®. 

Analysis — CsrH^oOr, Calculated, C 68.04, H 8.46; found, C 68.40, H 8.44 

S{a)-Hydroxyz:ll\\12-cholane Aldehyde 11-Dimelhyl Ester-12,24 (A//)— 
A solution of 0.50 gm. of 3(a)-hydroxy-lljjl2-cholane aldehyde 11-diacid- 
12,24 in ether containing about 20 per cent of methanol was treated with a 
slight excess of diazomethane in dry ether. After 10 minutes at 25® the 
solvent was removed and the residue crystallized from ether-pentane. The 
yield was 0.45 gm. of material melting at 128-129®. After two recr 3 ^s- 
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tallizations from etlier-i>entane the substance melted constantly at 128.5- 
129.5°. H” = +70.4°. 

Anahjsis — CtiHitOi. Calculated, C 69.30, H 9.40; found, C 69-59, H 9.41 

S{ayAcetoxy-ll\\12-choJaTie Aldehyde ll-Dimethyl Ester-1£ j£4 — 

Acetylation of 0.53 gm. of the h 3 ^droxy aldehyde dimethjd ester "with acetic 
anhj'dride and pjTidine for 30 minutes at 95® gave a product which ciy's- 
tallized from dilute methanol in a yield of 0,35 gm. (60 per cent), m.p. 
125-126®. Recrj'stallized once from dilute methanol and once from 
benzene-pentane, it exhibited a constant melting point of 127-128°. 

= +94®. 

Analysis — CjsHuOi. Calculated, C 6S26, H 9.00; found, C 68.36, H 8. 89 

S{ct)-Aceioxy-ll\\12-cholane Aldoxime ll-Dimelhyl Ester-12 ,24 {XVII)— 
To 0.23 gm. of the acetoxy aldehj’-de dhnethjd ester were added 0.25 gm. 
of finety powdered hy^drox^damine hydrochloride and 5 cc. of pyTidine. 
The material was dissolved by warming and the solution heated overnight 
on the steam bath. It was then poured into 50 cc. of water and the pre- 
cipitate extracted 'vs'ith ether. The ethereal solution was washed with 
water, 5 per cent hydrochloric acid, water, 5 per cent sodiinn carbonate 
solution, and water. The ether was removed and the remaining oil 
(0.20 gm.) dissolved in 5 cc. of methanol. Water was added and the solu- 
tion boiled until turbid. Very' slow cooling gave crystals, m.p, 148-149® 
(0,12 gm.). One recrystallization from dilute methanol gave cry'stals 
which melted constantly at 148.5-149.5®. 

Analysis — CjbH^sOiX. Calculated, C 6624, H 8.94, N 2.76; found, C 66.53, H 9.06, 
X 2.77 

3 {(x)-Hydroxy-ll\\l2-€holane Aldehyde 11-Acid 12-Methyl Esler-24 (A’/TQ 
— A solution of 10.0 gm. of the hydroxy" aldehy-de diacid in 200 cc. of abso- 
lute methanol containing 1 cc, of concentrated sulfuric add was allowed 
to stand overnight at room temperature. It was then poured into 2 liters 
of water, extracted with ether, and the ethereal solution washed thoroughly 
with w"ater and dried over anhy^drous magnesium sulfate. On removal of 
most of the solvent, 8.9 gm. (86 per cent) of the half ester, m.p. 144-147°, 
crystallized from the solution. Concentration of the mother liquor yielded 
an additional 0.2 gm. of somewhat less pure material. Recrystallization 
of the compound from ethyl acetate or absolute ether gave a product melt- 
ing at 148-149.5®. [af^ = +63.2®. 

Analysis— Cti'QMt. Calculated, C 68.77, H 924; found, C 68.86, H 921 

S{a)-Ac€toxy-ll\\12-cholane Aldehyde 11- Acid 12-Methyl Ester-24 (AT^ — 
Acetylation in the usual manner of 8.4 gm. of 3(of)-hy"droxy"-lljll2-cholane 
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aldehyde 1 1-acid 12-mcthy] estor-24 led to 8.5 gm. (93 pc/ cent) of the cor- 
responding acetate, m.p. 108-171® from dilute methanol. [a]p = +82°. 

Anabjais — CjrllcOr. Calculated, C 07.75, II 8.85; found, 6 67.53, II 8.64 

Saponification of 3{ayHydroxy-ll\\12~cholane Aldehyde 11-Dimeihyl 
Esler-iSjS.j (XII) — (^7) A 0.8 gm. portion of the hydroxy aldehyde di- 
methyl ester was allowed to stand o^xrnight at room tempertature with a 
5 per cent solution of potassium carbonate in 50 per cent methanol. When 
the product wavS worked up, no neutral fraction was observed, but from the 
dried ethereal solution containing the acid fraction there was obtained a 
cr^^stalline product, m.p, 167-159®. Several recr 3 "stalIizations from abso- 
lute ether gave material melting at 168-170®. 

(b) When 0.10 gm. of the h3"droxy aldch3"de dimethyl ester was refluxed 
overnight with 10 cc. of 2 N potassium h3"droxide in 75 per cent methanol, 
the same product was isolated in 70 per cent 3 deld. 

(c) About 0.15 gm. of the h3''drox3^ aldeh3"de dimeth3d ester was saponified 
as in (5), but was worked up in such a manner as to isolate all the organic 
material in one fraction. This material ^vas thoroughly dried, powdered, 
and made imifoi’m, A 29.4 mg. sample required 4.62 cc. of 0.0140 N alkali, 
corresponding to the neutralization value of a monobasic acid. 

The product of molting point 168-170®, therefore, was 3 (a)“h 3 "droxy- 
lljjl2-choIane aldeh 3 "de ll-meth 3 d ester 12-acid-24 (XVI). 

S((x)-Aceioxy-l l\\l£-cholQ7te Aldehyde 11-Acid Chloride 12-Melhyl Esler-24 
(XVIII) — Exactl 3 '' 2.00 gm. of 3(a)-acetox3’‘-lljll2-cholane aldeh 3 "de 11- 
acid 12-methyl oster-24 were dissolved in 10 cc. of pure thion 3 d chloride 
and allowed to stand for 30 minutes at room temperature, after which the 
solution was heated at 50® for 1 hour. The thion 3 d chloride was removed 
m vacuo j 5 cc. of toluene added, and the solution again evaporated at re- 
duced pressure. The oil was dissolved in 20 cc. of absolute ether under a 
reflux; on cooling, beautiful needles separated rapidly. These were filtered 
and washed mth a mixture of ether and pentane. The first crop, 1.55 gm. 
(75 per cent), melted at 138-139®. When pentane was added to the mother 
liquor, an additional 0.4 gm., m.p. 137-139®, was obtained. Total yield, 
94 per cent. The melting point was not lowered b3'’ allowing the acid 
chloride to stand for several da 3 "S in tlie open air. 

Analysis— CzrlhiOcCl. Calculated, Cl 7.13; found, Cl 8.69 

Action of Methanol on Acid Chloride — A portion (0.10 gm.) of the above 
acid chloride was refluxed overnight udth 10 cc. of absolute methanol. 
Then 0.5 cc. of concentrated sulfuric acid was added and the refluxing 
continued for 2 hours. The solution Avas poured into water, extracted Avith 
ether, and the ethereal solution Avashed Anth Avater, 5 per cent potassium 
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carbonate solution, and water. Eemoval of the ether and evaporation of 
the residue with benzene gave 0.06 gm. of neutral fraction. This was 
readily crj^stallized, by dissolving in ether and adding pentane, to jneld 
3{a)-hydroxj'-ll|!l2*cholanc aldehj’de 11-dimethyl ester-12,24, m.p. 
129-130®. 

Action of Diazomelhane on Acid Chloride — (a) A solution of 1.0 gm. of 
the acid chloride, ra.p. 138-139®, in 10 cc. of toluene was added to a cold 
(0-5°) dned solution of diazomethane (prepared from 4 gm. of methyl- 
nitrosourea) in about 200 cc. of ether. After standing for 2 hours, the 
solvent was removed under reduced pressure to give an oil u'hich soon 
ci^^stallized completely. The material, reco’stallized once from ether- 
pentane, melted at 138-139°, and a mixed melting point determination 
with starting material showed no depression. 

(h) To a drj" solution of the diazomethane from 1 gm. of meth 3 *lnitro- 
sourea in 100 cc. of ether was added 0.25 gm. (5.0 X 10^ mole) of the 
acid chloride dissolved in 20 cc. of absolute ether. The solution was re- 
fluxed for 24 hours. At the end of this time it was still light 3 ’ellow in color 
and contained a small amount of pobmeric material, presumabb** formed 
b\" the action of traces of water on the diazomethane. The ether was re- 
moved and the residue refluxed for an hour \\'ith 20 cc. of a 10 per cent solu- 
tion of sodium hydroxide in 50 per cent methanol. Water was added and 
most of the liquid distilled to remove methanol. The remaining solution 
was cooled, an excess of nitric acid added, and the precipitated organic acid 
filtered. The filtrate was anal^^zed for chloride ion hy the Volhard method. 
It contained 5.2 X 10"^ mole of chloride. 

(c) A dried solution of the diazomethane from 1 gm. of meth 3 'lnitrosourea 
in 40 cc. of ether was added to 150 cc. of pure anh 3 "drous dioxane. Into 
this was poured a solution of 94.7 mg. (1.91 X 10“^ mole) of the acid chloride 
in 10 cc. of dio.xane, and the solution (in a closed pressure flask) was left 
for 24 hours in a thermostat at 50°. After 12 hours the 3 "elIow color of 
diazomethane was still present, but it had disappeared at the end of 24 
hours. The material was worked up as in (6). The filtrate, after treat- 
ment with alkali, acidification, and removal of insoluble organic material, 
contained 1.74 X 10^ mole of chloride ion, corresponding to a Joss of 9 
per cent of the original chlorine. This small loss of chlorine ina 3 ' be ex- 
plained by evolution of b 3 ’‘drogen chloride formed on h 3 ’'drob"fiis of the acid 
chloride by traces of water which must inevitabb’ have been present. 

Action of Pyridine on Acid Chloride, Preparation of Compound A — 
A portion of the acid chloride (2.3 gm.) was dissolved in 50 cc. of p 3 Tidine 
which had been distilled over potassium lu’droxide. After 5 da 3 ’s at 45°, 
the solvent was removed, leading a 3 'ellow, oib' residue. Ci^'stallization 
occurred on addition of toluene. Tlie toluene was removed in vacuo. 
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Treatment with cither dioxane or ctlier left an insoluble residue. A small 
fraction was removed, washed tlircc times with ether by centrifuging, and 
dried in a stream of air. The product, a yellow powder, melted iinsharply 
at 195°. It gave a strong Bcilslein test. 

The bulk of the material was triturated with GO cc. of anhydrous ether, 
filtered, washed with ether, and dried in a vacuum desiccator over concen- 
trated sulfuric acid. - The }ncld was 1.5 gm. of a pinkish colored powder. 
Concentration of the filtrate gave 0.3 gm. of white crystals, ni.p. 192-197°, 
and a negative Bcilstein test. After two recrystallizations from methanol 
this product, Compound A, melted at 199-201°, \af^ = +123°. 

When 0.8 gm. of the powder, m.p. 195°, was added in several portions 
to a cold (10°) ethereal solution of the diazomethane from 5 gm. of methyl- 
nitrosourea, \'igorous gas evolution vms observed after each addition, and 
a white material appeared immediately at the bottom of the flask. After 
standing overnight in the ice box, the solid material was filtered and washed 
with absolute etlicr. The crude product melted at 192-197°. After 
several reciystallizations from methanol and from benzene-pentane it 
melted at 200-201°. = +122°. 

When 50 mg. of the same pinkish colored powder were refluxed for 20 
minutes in 50 cc. of absolute ether, a small light colored residue remained 
undissolved. This was filtered off and identified as pyridine hydrochloride 
bj'' its ready solubility in water to give a solution containing chloride ion. 
The ethereal filtrate on concentration to a small volume yielded cr3’stals 
melting at 189-196°; rccrystallized from methanol, the material melted 
at 195-199°. A mixed melting point determination Avith Compound A 
gave a value of 199-201°. 

Dekrminaiion of Siriiclure of Compound A. Properties — M.p. 199-201 ; 
fine white powder; = +122°. Sparingly soluble in ether, soluble 
in benzene, acetone, hot methanol. Chromatographicall}" homogeneous; 
eluted from alumina bj'' 99 per cent ether-1 per cent acetone. Neutral. 
The material generally decomposed during the coui*se of crj'oscojfic molec- 
ular weight determinations in camphor, but one apparently satisfactory 
determination gave a value of 948. Sufficient material was not available 
to permit an accurate ciyoscopic determination in benzene. 

Analytical — The compound docs not contain nitrogen or halogen. 

ChHh:Oi 5 (XXI). Calculated, C 69.05, H 8.S0; found, C 69.27, H S.oS 

Acetylation — 100 mg. of Compound A Avere treated AA'ith acetic anhydride 
and pyridine in the usual m'anner. When it Avas AA'orked up, unchanged 
.starting material A\'as recovered almost quantitatively. 

Treatment with Absohde Methanol Containing 2 Per Cent iSidfzmc Acid 
ExactB' 73 mg. of Compound A AA'ere refluxed for 2 hours Avith 10 cc. of 
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absolute methanol containing 0.1 cc. of concentrated sulfuric acid. The 
solution was cooled, poured into 100 cc. of water, and extracted with ether. 
Washing with dilute carbonate gave an acid fraction, which weighed 38 mg. 
The neutral fraction, in ether, was dried and concentrated to about 3 cc., 
and 1 cc. of pentane was added. Long needles separated immediately, 
m.p. 129-131°. After one reciystallization from ether-pentane the mate- 
rial melted at 130.5-131° and showed no depression of the melting point 
when mixed ^rith an authentic sample of 3(a)-hydro\y-ll!ll2-cholane 
aldehyde 11-dimethyI ester-12,24 (XII). 

Treatment with Hydroxylamine — ^To a solution of 106 mg. of Compound 
A in 7 cc. of boiling methanol was added a solution of 0.1 gm. of hydroxyl- 
amine and 0.1 gm. of sodium acetate in 3 cc. of water. After refluxing 
overnight, the reaction mixture was worked up as usual to ^deld a 33 mg. 
acid fraction and an 80 mg. neutral fraction. The acid fraction was not 
esterified by refluxing for 2 hours ^rith absolute methanol containing 2 per 
cent concentrated sulfuric acid, indicating that the quaternary Ring C 
carboxAd group was present. The 80 mg. of neutral fraction on being 
chromatographed over alumina gave 54 mg. of a material which readily 
ciy’^stallized from benzene-pentane, m.p. 181.5-183°. 

Analysts — Cs^HnOuNs (dioxime of XXI). Calculated. C 66.91, H 8.74, X 2.89 

Found. “ 66.78, “ 8.76, « 3.17 

We wish to take this opportunity to express our thanks to the CJom- 
mittee on Medical Research of the National Research Coimcil for a grant- 
in-aid which made possible the completion of part of this work. Also we 
\vish to thank Merck and Compan 3 ", Inc., Rahway-, New Jerse}', for the 
microanalyses and molecular weight determinations reported in this paper. 

SUMMARY 

Two methods are described for opening Ring C in desoxj'cholic acid 
without affecting the unprotected h3''droxyI group in Ring A. The product 
is 3(a)-h3’droxy-ll||12-cholane aldeh3"de ll-diacid-12,24, m.p. 248-254°. 

Various derivatives of the resulting compound have been prepared and 
characterized. The 3 " are 3(a)-acetox3'-ll|[12-cholane aldeh 3 ’de triacid- 
11,12,24, m.p. 247-253°; 3 (a)-acetoxy-ll II 12-cholane diacid ll,12-meth3d 
ester-24, m.p. 208-209°; 3(a)-acetox3'-ll[il2-choIane diacid anhx’dride 
ll,12-meth3d ester-24, m.p. 206-206.5°; 3(a)-h3'drox3'-ll|:12-cholane 
aldeli3’de U-dimeth 3 d ester-12,24, m.p. 128.5-129.5°; 3(a)-acetox3’-li;;i2- 
cholane aldeh^-de ll-dLmeth 3 d ester-12,24, m.p. 127-128°; 3(a)-aceto\y- 
ll|ll2-choIane aldoxime ll-dimeth 3 d ester-12,24, m.p. 148.5-149.5°; 3(a)- 
h3’drox3'-Hj|12-cholane aldeh 3 ’de 11-acid 12-meth3d ester-24, m.p. 148- 
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149.5°; 3{a)-acclox3'-ll|jl2-choIaDc aldoli.vcle 11-acid 12-methj’l ester-24, 
m.p. 108-171°; 3(a)-Ii_vdro.\'.v-lljil2-cholanc nidehj'de 11-methyl ester 12- 
acid-24, m.p. 108-170°; and 3(aj-accto.\,v-ll |il2-cho]nne aldehyde ll-acid 
chloride 12-mcthyl cstcr-24, m.p. 138-139°. 

It has been sho^vji that a compound ■with an acid chloride group at- 
tached to the quaternary' Cu-carbon atom in the steroid nucleus mil not 
react with diazomethane under (he condition.^ employed. 
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EXPERUVIENTAL STUDIES IN THE STEROIDS. A NOVEL 
IMETHOD FOR THE PREPARATION OF STEROL 
DICHLORIDES* 


Br CARL JOHN BERGf axd EA^ERETT S. WALLIS 
{From the Frick Chemical Laboratory, Princeton University, Princeton) 

(Received for publication, September 8, 1945) 

As is well known, the sterols are monohydric polycyclic secondary 
alcohols, many of which are unsaturated at the 5,6 position. The various 
sterols differ in the number of double bonds and in the structure of the 
side chain. 


CH, R 



(i) 


One of the more important reactions in sterol chemistiy is the temporary 
inactivation of the double bond in the 5,6 position. Permanent inactiva- 
tion is generally brought about bj" hydrogenation (1). Temporary in- 
activation has been effected by the addition of bromine (2) orb}" conversioi 
to the i-ethers ((3), c/. (4)) . In the case of free bromine, the reaction is ver>’ 
rapid and the yield of dibromide is generalh' good. That this is a tempo- 
rary protection of the double bond is shown by the fact that zinc and 
acetic acid will remove the bromine atoms. 

With free chlorine the results of the reaction are veiy' different. ^lost 
of the product is oily and chlorine is apt to enter into many places in the 
sterol molecule. The desired crj’stallme dichloride is hard to obtain and 
the 3deld is very poor. It should be noted, however, that in man^- cases 
the dichloride would be preferable for sjmthetic work, since it is relatively 
more stable. It is our purpose in this paper to discuss the results of experi- 

* The work described in this paper was done under a contract, recommended b 3 ' the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and Princeton University’. 

t Present address. Research Laboratories, ^ferck and Company, Inc., Rahway, 
New Jersey’. 
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mente designed to make more readily available in better yields these di- 
chloridcs of the sterols. • 

In 1938 it was first shown by Wallis and Mead' that iodobenzene 
dichloride could be successfully used temporarily to protect the double bond 
in cholesterol by the addition of chlorine. The cholesterol dichloride so 
obtained was very easily prepared in excellent yield. We have con- 
tinued the study of this reaction because its practicality was apparent from 
the first experiments. Our results show that under a variety of conditions 
the reaction can be carried out with no difficulties and that excellent yields 
of desired products can be obtained. Unlike the reaction with free bromine 
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(IV) (V) 

or free chlorine, this method of addition of chlorine to the double bond 
produces two isomeric dichlorides. Theoretically, of course, the possi- 
bility of four different isomeric dichlorides exists. However, until this 
reaction was studied, only one of the possible isomers had been obtained. 

It is of interest to note that the isomeric dichlorides obtained by this 
method differ greatly in their physical properties, such as melting point, 
solubility, specific rotation, etc. In this paper there are described the 
results of our experiments on the action of iodobenzene dichloride on cho- 

1 Tlie experimental details of this reaction are taken from a senior thesis sub- 
mitted by J. F. Mead in partial fulfilment of the requirements for the degree of 
Bachelor of Arts, Princeton University, 1938. 
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lesterj'l benzoate (II), cholesteryl p-toluenesulfonate (III), ^f-sitoster>'l 
benzoate (HO, and stigmaster>d benzoate (V). In each case two isomeric 
dichlorides were obtained. With cholesteryl benzoate, the dichloride 
of lower melting point was shown to be identical vdih the benzoate dichlo- 
ride prepared from the cholesterol dichloride of Mauthner and Suida (5). 
In our studies on stigmasteryl benzoate, only 1 mole of iodobenzene di- 
chloride was used, and no difficulties were observed in the selective chlorina- 
tion of the double bond in the 5,6 position. In Table I are listed the 
melting points and rotations of the various dichlorides which we have 
prepared by this method. 

We should now like to point out that certain fundamental differences 
in the chemical properties of these isomeric dichlorides have been obser\"ed. 
For example, when the above benzoate dichlorides were subjected to hydrol- 
ysis by refluxing with alcoholic potassium hydroxide, the isomer of lower 


Table I 


Starting material 

Melting point of dichlorides 

Specific rotation 


•c. 


Cholester 3 "l benzoate 

251 

+13.4 


120 

-20.2 

p-toluenesulfonate 

191 

-6.1 


85 

-39.0 

^-Sitosterj'l benzoate 

222 

+14.6 


131.5 

-17.1 

Stigmasterj’l “ 

235 

-13.0 


145 

-33.8 


melting point always gave in good jields the corresponding sterol dichloride. 
The higher melting isomer, however, in each case gave one of a new series 
of compounds, which were found to be monochloro derivatives. Cho- 
lesteiyl benzoate dichloride, m.p. 251®, yields 6-chlorocholesterol, m.p. 
152®. Its corresponding acetate melts at 130®, and its benzoate melts 
at 205®. 


R 



R 



OH 


Cl 

(\TI) 
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Certain other interesting properties of these compounds should be noted. 
When a pair of these benzoate dichlorides is refluxed with zinc and acetic 
acid, both isomers give the sterol benzoate. This fact was checked many 
times by melting point, mixed melting point, and saponification to the 
sterol. 

The tosylates of the dicliloridcs linve been found to be peculiarly resistant 
to hydrolysis, it being impossible to convert either isomer to its correspond- 
ing sterol dichloride by the usual hydrolytic reagents. 

In the description of our results outlined above, it has been noted that 
when the high melting isomer of cholesterol benzoate dichloride is hydro- 
lyzed 6-chlorocholesteroI is obtained. It is possible to formulate the 
structure of this compound in two ways. The high negative rotation of 
our 6-chloro compound suggests strongly that the double bond is in the 
5,6 position (6). Further evidence of this is offered by a comparison with 
the physical properties of G-iodochoIesteroI prepared by Levin and Spiel- 
man (7) using a totally different method (see Table II). 



I 


Table II 



Free sterol. 

Acetate 

Benzoate. . . 
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O OH 0 


CO 


C.Hs 


CO 

I 

C.Hs (A) 

Scheme A 


In this connection it is of interest to note that Spring and Swain (8) have 
reported the preparation of the benzoate of compound VII. We would 
like to point out that a study of the phj’sical and chemical properties of 
their compound, reported b}" them in a later paper (9), leads us to doubt 
the correctness of their formulation. For instance, their compound has a 
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high negative rotation, [ajt, = —79°. TJie melting point recorded by them 
is 127°, difTercntiating it sharply from our G-chlorocholesteryl benzoate. 
It seems to us that the principal doubt on the structure assigned by them 
derives from the fact tliat dchalogcnation of their compound with anhydrous 
potassium acetate in absolute alcohol leads to the formation of a compound 
of known structure, A-cliolcstenediol-3 , 4-bonzoate-4 (A) . Although an ex- 
planation (Scheme A) for this peculiar reaction is offered by Eosenheim 
(10), we are of the opinion that the structure of the compound prepared 
by Spring and Swain most probably has the formula shoxvn in B and that 
it is formed according to the sequence of reactions presented in Scheme B. 



/\x\/ 


CO 

1 

CeHs (B) 


EXPERIMENTAL 

Cholesterol Dichloridc ^ — To 2.45 gm. of carefully dried cholesterol in a 
solution of dry chloroform were added 1.93 gm. of iodobenzene dichloride 
prepared according to the method of Willgerodt (11). The mixture was 
refluxed for about half an hour after the disappearance of the ciystals of 
iodobenzene dichloride. The chloroform was then distilled in vacuo, and 
the residue recrystallized several times from ethyl alcohol. The yield of 
cholesterol dichloride, m.p. 132--135®, was 2.35 gm. (81 per cent). 

p-Siiosieryl Benzoate Dichloride — To 2 gm. of /?-sitosteryI benzoate dis' 
solved in 50 cc. of chloroform were added 1.8 gm. of iodobenzene dichloride. 
The mixture was kept at 40° for half an hour. The temperature was 
then raised to the boiling point of chloroform and all the latter was removed 
on the water bath. The product was taken up in warm ethyl alcohol. 
Crystals appeared almost at once. They were filtered. Yield of crude 
material, 0.95 gm., m.p. 199-201°. After three recrystallizations from a 
mixture of benzene and alcohol, long, filamentous crystals were obtained 
which melted at 220-222°; [afj = +14.6° (20 mg. in 2 cc. of dry chloro- 
form; length of tube, 1 dm,). 
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Cl 

O 

i 

CO 

1 

C«H, 



Scheme B 
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A7iahjsn-Cnlhi02C\2. Calculated, C 73.3G, II 9J8, Cl 11,90 
Found, ** 72.01, '' 0.07, 12.8 

The filtrate from the fimt cnido crystalline material was diluted with 
water and placed in the ice box. A crystalline i)rocIuct (0.60 gm.) was 
obtained, m.p, 120-125®. Four rcciystallixations of this material from a 
mixture of acetone and methanol gave a product which melted at 130- 
131.5®; [a:]i^ = —17.1® (1 dm. tube; 20 mg. in 2 cc. of chloroform solution). 

ybmh/sfs-C-jclLACIj. Calculnlcd, C 73.30, 11 9.18, Cl 11.90 
Found. 73.33, ** 9.15, 12.10 

Tlie higher melting isomer is soluble in benzene and chloroform, but is 
not appreciably soluble in most otlier solvents. The lower melting isomer 
is soluble in benzene, cldoroform, ethjd acetate, and acetone. It is in- 
soluble in meth 3 d and cthjd alcohols. 

On dehalogenation Avith zinc and acetic acid for G hours, both isomers 
give ^-sitoster^d benzoate, m.p. 14G°. The product so obtained gives no 
<lepression of the melting point Avith the starting material. The dehalo- 
genated product from the loAA'cr melting isomer on saponification gave 
pure jS-sitosterol, m.p. 13G®. 

Cholesicryl p-Tolitcncstdfona(c Dichloride — To 2.6 gm. of cholesteryl 
p-toluenesulfonate dissoh^ed in 50 cc. of chloroform Avere added 1.4 gm. 
of iodobenzene dichloridc. The suspension Avas alloAA'ed to stand for 1 hour 
at 20®. It Avas then Avanned to 45® until the iodobenzene dichloifde crystals 
dissolved. The solution Avas refluxed for 1 minute. It Avas then allowed 
to cool and the chloroform evaporated at room temperature. The 
residue Avas taken up in pentane and ciystallizcd. Yield of crude product, 
1.3 gm. When tlie filtrate aa'us cooled in the ice box at 0®, an additional 
0.5 gm. of product aa'os obtained. Wlien reciystallizcd from benzene and 
petroleum ctlier followed hy i*eciy.stallization from acetone-alcohol, the 
product melted at 190-191®; [a], 7 = — G.l® (20 mg. in 2 cc. of chloroform 
solution; 1 dm. tube). 

A7iahjfiis—C\i\hDSC]z. (JiiIcuIaUHl. (*00.70, Jl iS.57, C*l 11.5!) 

Found. G6.G0, 8.00, ** 11.80 

The original filtrate from the pentane crystallization gaA'C an oil on 
evaporation. This AA'as triturated A\'ith methyl alcohol to remoA^’e iodo- 
benzene. The method alcohol Avas then remoA-cd by'' Avater. Weight of 
dried product, 1.0 gm. This material Avas dissohxd in acetone and crystal- 
lized from a mixture of acetone and alcohol. A second recrystallization 
gaA’’e a crystalline product, m.p. 84-85®; = —39® (20 mg. in 2 cc. 

of chloroform solution; 1 dm. tube). 



C. J. BKKG AND E. S* ^VALUS 09 i 

Analysis-^CuliitOiSCU. Calculated. C 66.76, H 8.57, Cl U.59 
Found. 66.79, 8.66, “ 11.31 

\ 

The high melting isomer, m.p. 190-191®, was taken up in acetone and 
boiled with dilute hydrochloric acid for 1 hour in an effort to remove the 
p-toluenesulfonate group. The product was recovered, however, un- 
changed. Portions of both isomem were treated with potassium hydroxide 
in alcohol with no apparent hydrolysis taking place. Similar results w'ere 
obtained with the high melting isomer w'hen concentrated hydrochloric 
acid in dioxene w^as used, and w'hen sodium methylate in benzene solution 
w'as employed as the hydrolytic agent. 

Cholestenjl Benzoate Dichlondc — To 5 gm. of cholesteiyl benzoate dis- 
solved in chloroform w’crc added 2.9 gm. of iodobenzene dichloride. The 
mixture so obtained was treated in the manner described above, and on 
removal of the chlorofonn a crystalline product Avas obtained, m.p. 244- 
247®. Recrystallization from ethyl alcohol gave ciystals melting at 250- 
251°; [a]o = +13.4® (20 mg. in 2 cc. of chloroform solution; 1 dm. tube). 

4«aZt/s{s— C„HsoO:Cb. Calculated. C 72.11, H 9.17, Cl 12.90 
Ff>uml- 72.26, “ 9.07, “ 12.63 

The mother Uquom were evaporated and taken up in methyl alcohol. 
A small amount of winter w'as added and the mixture w^as set aside for 
crystallization. Ciystals were obtained Avhich melted unsharply at about 
110®. T\0ien recxystallized from ethyl acetate-methanol solution, the 
product melted at 117-120®, and had [a]^ = —20.2® (20 mg. in 2 cc. of 
chlorofonn solution; 1 dm. tube). 

AnaZi/su — CsJlsoOjClj. Calculated. C 72.11, II 9.17, Cl 12.90 
Foiuid. “ 72.70, “ 9.18, “ 12.43 

Tife high melting isomer, m.p. 250-251®, w'as treated on the Avater bath 
Avith an excess of potassium hydroxide dissolved in ethyl alcohol. After 
15 minutes the solid had gone into solution and the mixture began to turn 
slightly yellow'. The reaction mixture Avas Avorked up at this point. The 
material aa'us poured into xA^ater and extracted Avith ether. From the ether 
solution a ciystalline residue Avas obtained. Reciystallization from 
ethyl alcohol gave a product of melting point 150-152°, = —63® (20 

mg. in 2 cc. of chloroform solution; 1 dm. tube), Avliich w^e believe to be 
6-chIorochole5t erol . 

A7mlffRis—C^THuOC\. Calculalod. C 77.00, H 10.77, Cl 8.43 
Fomid. “ 77.1, “ 10.7, “ 8.57 

A portion of this material, 0.5 gm., Avhen treated Axith acetic anliydride 
for 1 hour and A\"orkcd up in the usual manner, gave a crystalline acetate, 
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m.p. 128-130°; [a]” = —41.2'’ (20 mg. in 2 cc. of chloroform solution; 1 
dm. tube). 

Afialysis — C29II47O2CI. CalcuJnled, C 75 J 9, JI 10,23; Found, C 75,24, H 10.37 

Another portion of G-chlorocholcsterol when treated vnth. benzoyl chlo- 
ride in pyridine gave a benzoate melting at 205°; = —20,4° (20 mg, in 

2 cc. of chloroform solution; 1 dm. tube). 

Stigmasteryl Benzoate Dichloridc — To 0.95 gm. of stigmasteryl benzoate 
dissolved in 35 cc. of chloroform was added 0.50 gm. of iodobenzene di- 
chloride. When the reaction was carried out in a manner similar to that 
described above, a residue was obtained which on crystallization from 
benzene and ethyl alcohol gave 0.3 gm. of fluffy crystals, m.p. 221-224°. 
Recrystallization gave a product, m.p. 234-235°; [afj = —13.0° (20 mg. 
in 2 cc. of cWoroform solution; 1 dm. tube). 

Ariahjsis — Ca^HsaOjCJs. Calculated, C 73.57, H 8.92, Cl 12.06 
Found. “ 73.41, 8.99, 12.04 

The mother liquors obtained from the first crystallization gave a fluffy 
precipitate, which was filtered. The residual solution was evaporated 
to dryness and the oily residue was taken up in acetone. On addition of a 
drop of water and a small amount of methyl alcohol small needles separated 
from the cold solution, m.p. 130-143°; weight of the crude product, 0.15 
gm. Further treatment of the mother liquors with a small amount of water 
and methyl alcohol gave additional crystals, m.p. 132-140°. These two 
fractions were united and recrystallized from acetone-methyl alcohol. 
Yield of crystalline product, 0.16 gm., m.p. 137-145°. 'When recrystallized, 
the material melted at 144-145°; == —33.8° (20 mg. in 2 cc. of chloro- 

form solution; 1 dm. tube). 

Analysis — CjfiH5202CJ2. Calculated. C 73.57, H 8.92, Cl J2.06 
Found. “ 73.67, “ 8.91, “ 12.11 

We wish to take this opportunity to express our thanks to Merck and 
Company, Inc., of Rahway, New Jersey, for the microanalyses reported 
in the description of the experimental results, also to Trinity College, Hart- 
ford, Connecticut, for the H. E. Russell Fellowship held by the one of us at 
Princeton University during the course of this work, and to the Rockefeller 
Foundation for a grant-in-aid which helped to make this w^ork possible. 

SUMiWARY 

A novel method for the preparation of sterol ester dichlorides involving 
the use of iodobenzene dichloride as a halogenating agent has been dc- 
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scribed. Each sterol ester used gives two isomeric dichlofo compounds, 
differing in physical and chemical properties. The following pairs of 
dichloro compounds were made: cholesteryl benzoate dichlorides of melting 
points 120° and 251°, cholesteryl p-toluenesulfonate dichlorides of melting 
points 85° and 192°, /3-sitosterjd benzoate dichlorides of melting points 
130.5° and 222°, and stigmasteiyl benzoate dichlorides of melting points 
145° and 235°. 

The preparation of 6-chlorochoIesterol from the cholestei^d benzoate 
dichloride of melting point 251° is described. It has a melting point of 
152°. Its acetate has a melting point of 130°, and its benzoate 205°. 
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THE.BROMINE DEGRADATION OF THE SIL\^R SALTS OF BILE 
ACIDS AND RELATED COMPOUNDS* 

Br NOHMAN G. BRINK, f DAVID M. CLARK,} aio) EI'ERETT S. WALLIS 
{From the Frich Chemical Laboratory j Princeton Unirersilt/t Princeton) 

(Received for publication, September S, 1945} 

The reaction of bromine Tvith the silver salt of a carboxylic acid to yield 
an alkyl bromide containing 1 less carbon atom 

RCOiAg -h Br- -♦ R-Br + CO- + AgBr 

has recently been studied by Hunsdiecker and Hunsdiecker (1)A In the 
present paper are reported the results obtained by application of this, reac- 
tion to some bile acids and related compounds. 


CH, 


CH, 


N 


/ 


CH— CH,— CH-~CO,Ag 


CH—CH,— 'CH.-— Br 


\(/\ 




CH, 


CH— CH=CH, 



CH, 



At the beginning of this work we had three principal objectives in mind. 
First, we wished to study the possibilitj* of developing a method of degrad- 
ing the bile acid side chain 2 carbon atoms at a time. Such a method would 
involve conversion of the silver salt of a bile acid to a norcholanyl bromide, 
dehydrobromination to a A-morcholene, followed hy ozonolysis leading 
to a bisnorcholanic acid. Secondly, we desired to use the alkyl bromides 

• The work described in this paper was done under a contract, recommended by 
the Conunittee on Medical Research, between the Odice of Scientific Research and 
Development and Princeton University. 

t Present address, Research Ijaboratories, Merck and Company, Inc., Rahway, 
JCew Jersey. 

t At present a lieutenant in the United States ^aval Rcserv'e. 

* In this article (1) will be found reference to the earlier literature on the reaction. 
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produced in this way as intermediates in the preparation of steroids con- 
taining a simple secondary alkyl group at C17. Such molecules might well 
be better suited for Iluzicka typo oxidations (cf. (2)) for the removal of 
the side chain than the carboxylic acids, esters, diphcnylethylene, or di- 
phenylethane derivatives which have been studied. Finally, we were 


CII, 


0.\c 

I HC— CII:— CH,— CO — Ak 

Al 


/\ 


OAc 


Br: 


/\/ 


(I) 


OAc 


CH, 

I 

CH— Cli:— CH;— Br 


-f CO: -f AgBr 




OAc 


(II) 


CH, 


CH, 



(III) 


(IV) 


particularly interested in preparing derivatives of the isomeric 20-bromo- 
pregnanes, since these, on dehydrobromination, Avould be expected to give 
Ai^' 20 - or - pregnenes, or both. The former on ozonolysis should 
yield an etiocholanone- 17 , and the latter an etiocholanecarbo-xylic acid. 
Both types of compoundr are of importance as intermediates in the syn- 
thesis of the adrenal hormones. 
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Silv'er 3(a),1203)-diacetoxycholanate (I) was prepared in essentially 
quantitative >neld by treating a solution of the sodium salt of desoxycholic 
acid diacefate in dilute alcohol \\*ith an excess of aqueous silver nitrate 
solution.^ Upon addition of l.OG moles of bromine to a suspension of the 
thoroughly dried silver salt in boiling carbon tetrachloride, vigorous carbon 
dioxide evolution was obseiwed, and silver bromide appeared. When the 
reaction mixture was worked up, 3(a) ,12(jS)-diacetoxy“23-bromonorcholane 
(II), m.p. 127.5-128.5*', [a]^ = -hlI4°, was obtained in 25 per cent 3ield. 
In like manner the silver salt of nordesoxycholic acid diacetate (III) was 


CH, 


CHa 



(VI 



(VI) 


CH= 



+ CO- -f- AgBr 


(VII) 


converted to 3(a),1203)-diacetox5’-22-broinobi£norcholane (RO, m.p. 
144.5-145®, [a]“ = “hl07®, in 40 per cent >16^. When applied to the 
silver salt of bisnordesoxy cholic acid diacetate (V)? the bromine degradation 
led to a mixture of tu’O isomeric bromides which was separated by chromato- 
graphic analj^ and fractional crystallization. The more easily* purified 
compound, designated 3(a),12(jS)-diacetoxy-200)-bromopregnane (VI), 
ciystallized in the form of small, hard needles, melting at 140-142®, la]f = 
4*86®. The isomeric 3(a) , 1203)-diacetox5"-20(a)-bromopregnane (VII) 
appeared as fine, silky ne^es, m.p. 83-87®, {a]^ = 4-103®. The jield of 
ciystalline CM-bromide mixture, before separation, was Go per cent. 
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It was to be expected that a ketone group in the molecule would not 
interfere vnili the reaction, provided that no excess of bromine was used, 
since the silver salts react very rapidly with the halogen. This proved to 
be the case. From silver 3(a)-acetoxy-12-ketochoIanate (VIII) the corres- 
ponding bromide, 3(a)-acctoxy-12-kcto-23-bromonorcholane (IX), ra.p. 
209.5-211*^, [a]^ = +126°, was prepared in 60 per cent yield. 

Th« yields of the bromides as given above are those actually obtained 
in typical experiments. Ho\vever, with all of the compounds except des- 


CII, 



OAc 

(IX) 


oxycholic acid, varying amounts of the acetylated acids were recovered 
from the acid fractions. Correction for this recovery of starting material 
increases the yields cited above from 5 to 25 per cent. 

With the alkyl bromide derivatives described above, reduction vdth 
zinc and acetic acid proceeded smoothly to give the corresponding steroids 
vnth alkyl side chains in yields which were uniformly over 90 per cent. 
The compounds so prepared are 3(a:),12(/3)-diacetoxyTiorcholane (X), 
m.p. 116.5-117°, [a]^ = +118°; 3(a),12(/8)-diacetoxybisnorcholane (XI), 
m.p. 115-116°, Wd® = +104°; 3(a),12(/d)-diacetoxypregnane (XIl), 
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m.p. 158-158.5®, [a]^ = +112®; and 3(a)-ac€tox}'-12-ketonorcliolane 
(XIII), m.p. 158.5-159.5®, [a]? = +119®. 

Attempts to remove hydrogen bromide from the two primar>' diacetoxy 
bromides (II and RO '^ere unsuccessful. When the bromides were refluxed 
with collidine, imchanged starting material was recovered; treatment with 
piperidine led to stable piperidinium complexes. In the case of 3(a),- 
12(p)-diacetox5"-23-bromonorcholane, treatment with sodium ethylate, 
followed by reacetylation, gave in veiy low yield a compound melting at 

CHa CH, 



AcO AcO 

(XII) (XIII) 


143-144®, [a]f = +60®, which on analj^sis proved to be acetox3’-23-ethox3^- 
norcholene. This apparently results from simultaneous ether formation 
and loss of a molecule of acetic acid from either Ring A or Ring C. The 
compound was not further investigated. Treatment of the primary bro- 
mides with alcoholic silver nitrate solution led to precipitation of silver 
bromide, but no definite organic product could be isolated. 

The mixture of secondary Cjo-bromides proved stable toward collidine, 
but when it was refluxed for 22 hours with piperidine, hydrogen bromide 
was removed and a product melting at 162-174® was isolated in 87 per cent 
yield by crystallization from methanol. After several reciystallizations. 
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material with a constant melting point of ITfr-lTS.S®, = +112°, was 
obtained. The product analyzed correctly for a diacctoxypregnenc, and 
is presumably 3(a),12(/5)-diacctoxy“A^^'‘®-prcgnene (XIV), 3(a), 1203)- 
diacetoxy-A^°*-*-pregnenc (XV), or a mixture of both. 

Ozonolysis of our material, or preferably of the related derivative or 
mixture prepared from 3(a)-acetoxy-ll-keto-20-bromopregnane, should 
lead to a C^-keto compound, an etio acid, or a readily separable mixture of 
the two. 


CHi CH, 



/\/\y 

AcO 

(XV) 


experimental" 

3{a) jl2(pyDiaceioxy-^3-bromonorcholan€ (II ) — Desoxycholic acid diace- 
tate was prepared by heating 24.8 gm. of desoxycholic acid on the steam 
bath for 3 hours with 50 cc. of pyridine and 45 cc. of acetic anhydride. 
The product was worked up in the usual manner and the oil so obtained 
was dissolved in 300 cc. of 80 per cent ethyl alcohol. This solution was 
titrated to the phenolphthalein end-point with dilute aqueous sodium 
hydroxide, after which the pink color was just discharged by the drop^vise 
addition of very dilute nitric acid. 


2 All melting points are uncorreoted. Unless otherwise noted, rotations were 
taken in acetone in a 1 dm. tube (c =; 0.8 to 1.3). 
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The solution was diluted to 800 cc. by addition of water, and a solution 
of 12.9 gm. (20 per cent excess) of silver nitrate in 150 cc. of water was 
added with swirling. About 500 cc. of water were added, and after 
thorough shaking the voluimnous white precipitate was filtered off, washed 
three times with 20 per cent ethyl alcohol, and dried to constant weight, 
finally at 100® and 1 mm. over phosphorus pentoxide. The yield of light 
tan, powderj^ silver salt was 90 per cent. 

To a suspension of 23.8 gm. of silver salt in 500 cc. of boiling anhydrous 
carbon tetrachloride were added over a period of about 10 seconds and with 
vigorous stirring 6.92 gm. (1.06 moles) of pure bromine in 147 cc. of carbon 
tetrachloride. Evolution of carbon dioxide and formation of silver 
bromide were observed immediately, and the color of bromine was dis- 
charged in the course of 4 minutes. 

The stirring and refluxing were continued for an additional 10 minutes. 
The hot suspension was filtered to remove silver bromide and the solvent 
was taken off in vacuo below 40®. The light yellow residual oil was taken 
up in ether and the ethereal solution washed three times with 5 per cent 
sodium carbonate and three times with water. After the mixture had 
dried over sodium sulfate, the ether was removed to yield 10.6 gm. of a 
neutral, red oil. The oil was chromatographed on alumina. Fractions 
eluted by benzene and by benzene containing 1 per cent of ether crystal- 
lized on removal of the solvent and addition of methanol, m.p. 124,5-127°. 
Tield (combined fractions from several chromatographic analyses) 5.2 
gm. (25 per cent). One reciystallization from methanol gave needles melt- 
ing at 127.5-128.5°. The melting point was unchanged by further re- 
crystallization. [aY^ = +114°. 

Analysis— CrrHnOi'BT. Calculated. C 63-39, H 8.47, Br 15.62 
Found. “ 63.65,“ 8.55, “ 15.93' 

8{a) fl2{fi)-Diacetoxy-22-hromohisnorcholane {IV) — Pure ciystalliae nor- 
desoxycholic acid diacetate, m.p. 205-206°, was converted to the silver salt 
by the method described above. A 0.90 gm. portion of the salt, suspended 
in boiling carbon tetrachloride, was treated with 0.268 gm.‘ (1.06 moles) of 
bromine in 1 cc. of carbon tetrachloride. After 10 minutes the reaction 
mixture was worked up as before, yielding a neutral fraction of 0.489 gm. 
and an acid fraction of 0.26 gm. The neutral fraction, upon being chromat- 
ographed on alumina, gave 0.30 gm. of needles, m.p. 143-144°. After one 
recrystallization from methanol, the product melted constantly at 144.5- 
145°; [af^ = +107°. 

Analysis — CtjHiiOiBr. Calculated. C 62.76, H 8.31, Br 16.06 
Found. “ 62.85, “ 8.59, “ 16.6S 
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The acid fraction was crystallized and identified by melting point and 
mixed melting point as nordesoxycholic acid diacctate. 

Isomeric 3{a) ,12{p)~Diaccloxy-20l)Tomeprcgnancs {VI and F7J)— From 
2.77 gm. of non-crystalline bisnordesoxycholic acid diacetate were pre- 
prepared by the usual method 3.48 gm. (83 per cent) of its silver salt. This, 
suspended in carbon tetrachloride, was treated with bromine and worked 
up as previously indicated. Tlie neutral fraction weighed 1.88 gm. and the 
acid fraction 1.11 gm. 

Two-thirds (1.2 gm.) of the neutral fraction, dissolved in 20 cc. of benzene 
plus 80 cc. of petroleum ether, was chromatographed on 40 gm. of alumina. 
Elutions with mixtures of benzene and petroleum ether gave in the first 
fraction 953 mg. of line, ^’'ellowish needles. Tlie second fraction, when 
eluted by benzene containing a few per cent of ether, gave 101 mg. of coarse 
needles. 

The material in the second fraction was twice recrystallized from meth- 
anol to give small, hard needles, m.p. 140-142°; [a]^^ — +86° (designated 
as the 20(i8)-bromo compound), 

Aiialysis — C23n3904Br. Calculated, CG2.10, II 8.13; found, C 61.73,11 8.22 

The first fraction on crystallization from methanol gave material melting 
at 103“106°. B}’' addition of water to the mother liquor, 0.10 gm. of fine, 

silky needles, m.p. 83-87°, was obtained. The melting point remained 
constant on further recrystallization, = +103°. (This isomer has 

been designated the 20(a)-bromo compound.) 

Analysis — C25H3904Br. Cnlculated, C 62.10, H S.l3; found, C 61.7.'?. 11 8.19 

The material melting at 103-106°, mentioned above, had a specific rota- 
tion of [q:]d® = +97°. This intermediate rotation indicates that the first 
material obtained from Fraction I was a mixture of the two isomers. 

3{ayAcetoxy-12-keio-23-hrovionorcholane {IX) — To 5.1 gm. of the silver 
salt of 3(a:)-acetoxy-12-ketocholanic acid in 75 cc. of boiling carbon tetra- 
chloride was added a solution of 1.52 gm. (1.00 mole) of bromine in 4.85 cc. 
of carbon tetrachloride. When, after filtration of the silver bromide, the 
solvent was removed in vacuoy the residue crystallized. It was broken up, 
filtered, and washed ^^^[th ether. In this manner 1.61 gm. of crystals, m.p* 
190-205°, were obtained. Recrystallization from chloroform-methanol 
gave 1.18 gm. of material, m.p. 205-208°, Two more recrystallizations 
from chloroform-methanol and two from dilute acetone gave a pure prod- 
uct, m.p. 209.5-211°. = +126° (chloroform). 

Analysis — CssHsaOsBr. Calculated. C 64.23, H 8.41, Br 17.1 
Found. “ 64.27, 8.63, 16.4 
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When reduced '\vith zinc and acetic acid, 0.36 gm. of the bromo com- 
pound gave 0.29 gm. (97 per cent) of 3(a)-acetox5"-12-ketonorcholane 
(XIII), m.p. 157-159'^. After two recr 3 'stallizations from methanol, the 
product melted at 158.5“159.5°. [a]^ = +119°. 

S(a) fl£{pyDiacctoxt/norchoIane (X) — portion of 3(a),12(/3)-diacetox3'- 
23-bromonorcholane (4.48 gm.) was dissolved in about 150 cc. of glacial 
acetic acid and to the refluxing .solution were added portion'v\*ise over a pe- 
riod of 15 minutes about C gm. of zinc dust. The hot solution was filtered 
directly into 5 volumes of cold water, and the residual zinc washed thor- 
oughly with ether. The precipitated product was removed from the water 
by extraction vdth ether. The ethereal solution was washed with water, 
three times vdth 5 per cent sodium carbonate solution, and three times T\dth 
water. The solution was diied over sodium sulfate and the ether removed 
to give 3.7 gm. of colorless oil. This was crj'stallized from methanol. The 
first crop of fine, long needles weighed 1.95 gm., m.p. 112-114°; the Beil- 
stein test was negative. Three more crops of sh'ghtly less pure material 
were obtained by concentration of the mother liquor. Total yield 3.65 gm. 
(97 per cent). Several reci’j'stallizations from methanol gave a material 
with a constant melting point of 116.5-117°. = +118°. 

Analt/»fs — C27H4«04. Calculated, C 74.95, II 10.25; found, C 75.26, II 10.23 

S(a),l£(fl)-Diacc(oxt/b2snorchoIa7ie (XT) — 1 gm. of 3(a),12(/3)-diacetox3'- 
22-bromobisnorcholane, reduced with zinc and acetic acid exactly as above, 
gave 0.65 gm. of oil. This was crystallized from methanol to 3 deld long, 
coarse needles, m.p. 105-107°. After four reciystallizations from methanol 
and three from dilute ethanol, pure material melting at 115-116° was ob- 
tained. [a]‘° = +104°. 

Analt/m— C 2 jH 4 j 04 . Calculated, C 74.60, H 10.11; found, C 74.46, H 10.36 

3(a) ylS(fi)-Diac€(ox^r€gnane (XIT) — A mixture of the two isomeric 
CM-bromides was reduced with zinc and acetic acid in the usual manner. 
The total jdeld of ciy-stalline product was 95 per cent. The material in the 
first crop melted at 156-158°. After two recrystallizations from methanol, 
pure crystals, m.p. 158-159.5°, [a]^ = +112'*, were obtained. 

Analysis — CtjHAoOi. Calculated, 74.21, H 9.97; found, C 74.50, H lO.lS 

Attempted Dehydrohrominaiion of 3(a) ,T2(^)-Diac€tozy-23-bromonorcho~ 
lane. With Collidine — ^Exactlj' 100 mg. of the 23-bromo compound were 
refluxed for 4J hours with 10 cc. of freshl 3 ^ distilled collidine. The collidine 
was removed in vacuo ^ the residue taken ujl in ether and water, and the 
ethereal solution wa.'^hed with water, 10 per cent sulfuric acid, water, 5 per 



704 


DnOUAVATlON OV 1)11/1) ACIDS 


cent sodium carbonate solution, and finally twice ■with water. On removal 
of the ether, a red oil, w’eigliing 88 mg., was obtained. This resisted ciystal- 
lization. On chromatographic fractionation, 71 mg. of starting material 
were isolated. No other crystalline compound could be found. 

With Piperidine — A. solution of 0.22 gm. of the bromide in 5 cc. of anhy- 
drous piperidine was heated in a sealed tube in a bath of boiling n-butyl 
alcohol (117°) for 42 hours. When the solution was cooled in an ice-bath, 
light, tliin plates crj^stallized. The crystalline material did not dissolve 
upon addition of ether. The solvents were removed in vacno and the resi- 
due taken up in ether and water. The ethereal solution was washed as 
described above and evaporated; an oily residue weighing 25 mg. was ob- 
tained. It may be concluded that the water-soluble piperidinium comple.\’, 
stable at 117°, was formed by this treatment. 

With Alcoholic Silver Nitrate — To a solution of 0.20 gm. of the 23-bromo 
compound in 95 per cent ethanol were added about 20 cc. of a 5 per cent 
solution of silver nitrate in ethanol. The solution was refluxed for 10 
minutes and the precipitated silver bromide was filtered. From the solu- 
tion, 20 mg. of impure crystalline material, m.p. 131-136°, were obtained 
by crystallization from methanol. An attempt was made to purify this 
by chromatographing, but onlj'’ 7 mg. of material, melting at 118-121 , 
resulted. The nature of this compound ■was not determined because of 
lack of suflacient material. 

With Sodium Ethylate — To a boiling solution of the sodium ethylate pre- 
pared from 12.4 gm. of sodium and 148 cc. of absolute ethanol was added a 
solution of 1.00 gm. of the 23-bromide in 52 cc. of hot absolute ethanol. 
Refluxing was continued for 30 minutes, and then 100 cc. of water were 
added. Most of the solvent was removed by distillation and the residue 
was poured into 1 liter of cold water. This was acidified with sulfuric acid, 
and the organic material removed by extraction with ether. The ethereal 
solution was washed ■v\dth water, 5 per cent sodium carbonate solution, and 
again ■with water. The ether was removed, and the residue was dried and 
I’eacetylated in the usual manner. The resulting oil weighed 0.88 gm. This 
was chromatographed over alumina. The only crystalline fraction, eluted 
by 50 per cent benzene-50 per cent petroleum ether, yielded 50 mg. of ma- 
terial, m.p. 139-144°. The Beilstein test was negative. One recrystalliza- 
tion from methanol gave a product melting at 143-144°. [a]|® = 4*60°. 

The analysis is satisfactory for an acetoxy ethoxy norcholene. 

Ana?j/sts— Cj 7 H 4 ,Oa. Calculated, 77.83, H 10.65; found, C 77.67, H 10.85 

Action of Collidine on Isomeric S(oi) ,lS{^)-Diacetoxy-SO-bromopregnane 

Mixture — solution of 0.10 gm. of the 20-bromide mixture (m.p. 95-102°) 
in 10 cc. of collidine was refluxed for 2 hours. The solvent was removed in 
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vacuo at 80° and the residue taken up in ether and water. The aqueous 
washings of the ethereal solution were analyzed for halide ion by Volhard 
titration. They contained 1.34 X mole of bromide, corresponding to 
only a 6 to 7 per cent reaction. 

Adion of Piperidine on Isomeric 3{a) jl2{p)-Diacetoxy-20-hromopr€gnane 
Mixiure — Exactly 100 mg. of the isomeric 2Chbroinide mixture (m.p. 95- 
102°) were refluxed in 5 cc. of anhydrous piperidine for 22 hours. The re- 
action mixture was worked up in the usual manner, yielding 74 mg. of 
crystalline residue. This was dissolved in methanol and on cooling gave 50 
mg. of crystals, melting at 162-174°. After five recrystallizations from 
methanol the product showed a constant melting point of 176-178.5°, 
W? = +112°. The anal 3 ^is is correct for either 3(Qf),12(/3)-diacetoxy- 
Ai7.2o_pregnene (XIV) or 3(a) , 12(/3)-diacetoxy-A‘°'=^-pregnene (Xl^j or ^or 
a mixture of both isomers. 

Analysis — CssHjsOi. Calculated, C 74.59, H 9.51; found, C 74.90, H 9.66 

An additional 20 mg. of the same material were obtained by careful 
addition of water to the mother liquor. 

The authors wish to express their thanks to the Committee on Aledical 
Research of the National Research Council for a grant-in-aid which made 
this work possible, and also to Merck and Company, Inc., Rahwaj", New 
Jersey, for the microanatyses published in this article. 

suxaiARY 

The diacetates of desoxj^cholic acid, nordesoxj’cholic acid, and bisnor- 
desoxj'cholic acid, and the acetate of 3 (a) -hydroxy- 1 2 -ketocholanic acid 
have been converted hy the action of bromine on their silver salts to steroid 
bromides containing 1 less carbon atom. The bromo compounds so pre- 
pared are 3 (a) , 12(j8)-diacetoxy-23-bromonorcholane, mp. 127.5-128.5°; 
3(a),12(j8)-diacetoxy-22-bromobisnorcholane, m.p. 144.5-145°; 3(a),12(^)- 
diacetox 3 "- 20 (a)-bromopregnane, m.p. 83-87°; 3(a) , 1203 )-diacetox 3 "- 20 (^)- 
bromopregnane, m.p. 140-142°; and 3(a)-acetoxy-12-keto-23-bromonorcho- 
lane, m.p. 209.5-211°. 

These bromides have been reduced to the corresponding compounds vith 
alkyl side chains at C 17 : 3(a), 12(^)-diacetoxynorcholane, m.p. 116.5-117°; 
3(a),12(iS)-diacetoxybisnorcholane, m.p. 115-116°; 3 (a), 1203 )-diacetox 3 '- 
pregnane, m.p. 158-158.5°; and 3 (a)-acetoxy- 12 -ketonorcholane, m.p. 
158.5-159.5°. 

By the action of piperidine, a mixture of the isomeric diaceto\y-20- 
bromopregnanes has been dehj’drobrominated. The product, m.p. 176- 
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178 . 5 °, is a prcgncnecliol diacctate with the double bond at C17-C20 or at 
C20-C51, or a mixture of both isomers. 

dihliogkaphy 

1. Hunsdieckcr, H., and Hunsdicckcr, C., Bcr. chcm, Gcs.t 76 B, 291 (1942), 

2. Ruzickn, L., Goldberg, M. \V., and Brllnggcr, II., Hch\ chinu ac/a, 17, 1389 (1934). 

Ruzickn, L., Goldberg, M. W., Alcyor, J., Brtinggcr, H,, and Eichenberger, E., 
Hclv, chim, oc/rr, 17, 1395 (1934). 
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(F rom the Division of Organic Chemistry, The Squibb Institute for Medical Research, 

New Brunswick) 
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Several years ago Long\N’ell and Wintersteiner (1) studied the properties 
of the 3(a),ll-dihydroxj'-12-ketocholanic acid, first described by Marker 
and Lawson (2), in the hope of accomplishing its conversion to a 3,11- 
dihydroxy compound by the Wolff-Kishner method. As they were unable 
to prepare the semicarbazone reported by these authors, they reduced the 
acid directly with sodium ethylate in the presence of hj'drazine, and ob- 
tained an acid, CtiHssOj-JHsO, melting at 162-163°, which was isolated via. 
an acid succinate (m.p. 227°) . Ob^dousl 3 " both oxygen atoms in Ring C had 
been eliminated. Later the reaction was repeated hy Marker and cowork- 
ers (3) and yielded in their hands a 3,11, 12-trih3’drox3'cholanic acid (m.p. 
136°) as the sole crystallizable product. The pm*pose of the present rein- 
vestigation was the thoroughgoing separation and characterization of all 
the products formed. 

A similar studj^ was simultaneously imdertaken hy Gallagher (4), in 
conjunction with related work which eventualh’’ led to a revision of the 
hitherto accepted structure of the ^larker-Lawson acid as 3(a),ll-dih3'- 
droxy-12-ketocholanic acid (5-8). This compound was originally prepared 
by h5"drolysis with hoi ethanolic potassium hj'droxide solution of the amor- 
phous 3(a) , ll-bromo-12-ketocholanic acid, the structure of which had been 
unequivocallj" proved (1), but was recentlj^ shown bj* Seebeck and Reich- 
stein (9) and independently by Gallagher and Long (7) to consist of a mix- 
ture of 1 l-epimers. Gallagher and his collaborators (7, 8) found that either 
epimer is converted into the Marker-Laws on acid by the above treatment, 
but that when the hj'drolysis is conducted with cold aqueous alcoholic 
sodium hydroxide solution, the two epimeric 11-bromo acids give rise to two 
different dihydroxj'ketocholanic acids, neither of which is identical with the 
Marker-Laws on acid. In contrast to the latter these new isomers readily" 
form hj^drazones. It is therefore highly probable that the two new acids 
are 12-keto acids which differ from each other by epunerism at Cu- The 
Marker-Lawson acid consequently must be a 3(a),12-dihydroxj'-ll-ke- 
tocholanic acid, which at once explains the inertness of its keto group. 
These results were communicated to us hy the Chicago investigators in the 
continuous exchange of information which accompanied the progress of 
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these studies in both laboratorias. Wc take great pleasure in acknowledg- 
ing the whole hearted cooperation we have cnjo 3 'cd from the Chicago group 
in this problem. 


Tablk I 


Wolff-Kishner Reduction of 5(or),/£(Gf f) -Dihydrox\j-ll -let ocholanic Acid 

I to III, starting acid and derivatives; IV to XV, reduction products and derha- 
tives 



Mp 

lain 




•c. 

decrees 



I 3(a)yt2(a .^)-Dih>"dro\ 3 '-H-ketocholanJC acid 

205 

-f67 (Ethanol) 



II. Methyl 3(a), 12(a ?)-dihydro\ 3 '-ll-kcto- 





cholanulc 

157 

+6{.C 



•>* 

III. Mcth3d 3(a), 32(a ^)-diuccto\ 3 '-lI-keto- 






cholanate 

C9 

-f 54 5 



' ! 

*”*IV Methyl n(a)-.*iccto\j'-A“-cholcna<e 

li 


— 

— 

r 

'V 3(a)-Hydro\>'-A''-cholcnic ncid 

m 



L 

— »VI Methyl 3(a) ^ 12 (a ^)-djaccto\3'-ll(^)-hy- 





droxycholanatc 

212 

-f-59.9 (Chloroform) 



VII 3(a),ll(/3),12(a ’)-Trih3’'dro\3'cholanic ! 





acid . i 

IB 

+42.9 (Ethanol) 


! 

jitVIII Methyl 3(a),ll (a)-diaccto\3^-12(/3)-h\^- 



1 

1 


droxycholanatc 

129 

-f39.C (Chloroform) 

II 

1 


IX. Meth 3 d 3(a),ll(a),12(/3)-triaceto\3'choIan- 



11 

1 


ate . 1 

187 

+64.5 ** 

1 

1 


X. 3 (a) , 1 1 (a) , 1 2 (jS) -Trihydroxy cholanic acid 

164 

+46.9 (Ethanol) 

1 


^XI. Methyl 3 (or) , 1 1 (a) , 12 (or) -triacet o\3’’cholanat e 


+37.1 (Chloroform) 



— 

♦XII . 3 (a) , 1 1 (a) , 12 (a) -Trih3"dro\3"cholanic acid . 

174 

+26 8 (Ethanol) 




XIIL Methyl 3(a),ll(a),12(a)-trihydrox3'chol- 






anate 

135 

+28 4 


' "XIV. Methyl 3(a),ll(a)-diaceto\y-12-ketochoI- 


1 



anate 

151 

+34.9 (Ethanol) 



XV. 3 (a) , 11 (a) -Dihydroxy-12-ketocholanu; 


1 



acid 

193 

+84.9 


Results 

The essential findings are summarized in Table I. The use, in some ex- 
periments, of the methyl ester II or of the diacetyl methyl ester III, 
instead of the acid I, as the starting material did not modify the course of the 
reaction. It should be mentioned here that the ester III, methyl 3(a) , 12- 
diacetoxy-ll-ketocholanate, which had been described previously as an 
















'\^^^’TERSTEINER, MOORE, AXD REINHARDT 


709 


amorphous product (1), has now been obtained in cr>"stalline form. The 
inertness of the keto group in the acetylated ester was just as marked as 
in the free acid. In the attempted preparation of the oxime and seniicarba- 
zone, the ester was recovered unchanged, while treatment with hydrazine 
resulted merely in the formation of the hydrazide of an acid in which one 
of the acetyl groups, presumably at C3, had been lost b3’' saponification. 

It was found that the separation of the complex mixture of reduced acids 
could be best accomplished after their conversion into acetylated method 
esters. The acetylation was carried out at room temperature, which left 
hy’droxyl groups relatively resistant to esterification in the free state and 
thus facilitated the separation and differentiation of the stereoisomers 
present. One of the partially acetylated esters 0^) could be secured b^' 
direct crystallization; the other three reaction products were obtained hy 
chromatographic fractionation of the remaining mixture. This procedure 
was applied to three batches of reduced material and proved to be well 
reproducible, although the jdelds of the four compounds were small and 
somewhat variable. 

The isolated compounds were (1) an ester, C27H4204, identified b}’’ melting 
point and rotation as the methjd 3(a)-acetoxy-A^-cholenat€ (HO which has 
been recentty prepared by Press and Reichstein (10) and b^^ Kendall and 
his collaborators (11) through other routes. The corresponding free acid 
melted at 165°, as reported by the Swdss authors. The preparation of 
the acid succinate, m.p. 227°, confirmed the identitj' of the present reaction 
product Avith the acid, m.p. 163°, described in our earlier paper (1); (2) an 
ester, m.p. 212°, which had the composition of a methyl diacetoxyh3’drox3'- 
cholanate (CjgH^sO?). Since on oxidation 'with chromic acid this compound 
yielded the method 3(ct),12-diacctox5’'-ll-ketocholanate III, it must be a 
methyl 3(a),12-diaceto\y-ll-h3’drox3Tholanate (^T). The ester was 
hydrolyzed by hot alkali to a 3(a),ll,12-trih3'drox3'cholanic acid (ATI) 
melting at 177°. That no configuration change had occurred in the 
h3^drotysis was proved by’ conversion of the acid ATI into an amorphous 
methyl ester which on acetylation at room temperature quantitatively’ 
reformed the original diacetoxy^ hydroxy’ ester AT. However, an attempt 
to force the acetylation of the free hy’droxy’l group in the latter by’ conduct- 
ing the reaction at elevated temperature resulted in the formation of pig- 
mented decomposition products; (3) a methyd diacetoxy’hy’droxycholanate, 
m.p. 129° (ATII), which differs from the isomer AT in that on oxidation 
with chromic acid it ydelded a new methyl diacetoxy’ketocholanate (XIA*) 
melting at 151°. Furthermore, unlike AT, the ester ATII is amenable to 
vigorous acetylation, which in this case afforded a methy’l 3,11,12-triace- 
toxy’cholanate (IX) melting at 187°. The hydrolysis product of ATI was a 
trihydroxycholanic acid (X) differing from the isomeric acid ATI by’ its 
lower melting point (164°) and its slightly higher dextrorotation. 
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The diacctoxy kelo ester XIV on hydrolysis witli 0.5 n metlmnolic potas- 
sium hydroxide at room temperature yielded nearly quantitatively a dihy- 
droxyketocholanic acid (XV) melting at 103®, which differs from the 
starting acid I by its higher dextrorotation (4-84.9° as against 467° for I). 
However, when the hydrolysis was conducted with a stronger alkali at boil- 
ing temperature, a mixture was obtained from which only small amounts 
of dihydrox 3 '’kctocholanic acid melting at 201-203° could be secured by 
repeated recr 3 '’stallization. The melting point of a mixture with the start- 
ing acid I was not depressed, but the rotation (472,7°) indicated that the 
hydrolysis product, I, was contaminated with some of the more dextroro- 
tatoiy isomer X^^ 

The reason for this behavior became obvious when Gallagher and Hol- 
lander (8) discovered that hydrob^sis of meth3d 3(a)-hydrox3'-ll(i9)- 
bromo-12-ketocholanate Avith cold aqueous alkali yielded a 3(a), 11- 
hydroxy-12-ketocholanic acid identical Avith XV. Treatment of this acid 
Avith hot alkali, as mentioned before, causes rearrangement to the 11-keto 
acid I. Consequentb’-, the free h3''drox3’'l group in the diacetoxy hydroxy 
ester VIII, from Avhich XIV Avas obtained, must be in position 12. It 
furthermore folloAA's from the resistance of this gi’oup to acet3dation at room 
temperature^ that it is more strongly liindcrcd than the 11-lydroxyl gi'oup; 
but this inertness Is onb’' relative and can be overcome b3^ moVe energetic 
acetylation; (4) a metlyl 3,ll,]2-ti-iacetox3’’cholanate (XI) melting at 
163°^ differing from the isomeric compound IX b3^ its considerabb" 
dextrorotation. Hydi’olysls of XI Avith 0.5 x mcthanolic potassium h3'’drox- 
ide at room temperature readib" afforded a 3 ,ll, 12-trihydrox3’’cholanic 
acid melting at 173-174° (XII), AA’hich markedb' depressed the melting 
point of the isomeric acid, m.p. 177° (VII). The trih3'drox3’’ acid XII AA^as 
further characterized 1)3'- the preparation of a ciystalline meth3d ester, m.p* 
134-135.5° (XIII). HoAvever, rcacetylation of this metlyl ester at room 
temperature 3delded a mixture from Avhich the original tnacetox3’’ ester XI 
could be secured onb'' by chromatographing. This may be taken as cau- 
dence that one of the hydroxyl gi'oups is hindered to a certain extent, but 
certainly less strongly than in acids VII and X. 

Acid XII seems to occur in another polymorphous modification, or else 
is not quite stable, since reciystallized preparations inAmriably shoAA'ed some 
sintering at about 135° before meltmg at the temperature indicated. This 
observation is mentioned here because it is the onb" indication in our AA'ork 
for the presence of the 3,ll,12-trih3’’drox3'’cholanic acid, m.p. 136°, de- 
scribed by iVIarker and his colleagues (3). The 3deld obtained by these 
authors AA’as 27 per cent. It is hi glib’’ improbable that their acid is a fourth 
isomer not encountered by us, as it could hardly have escaped isolation in 

^ The melting point of 164® given in Table I refers to that of a purer specimen ob- 
tained by the route V ^ XII — > XI. 
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the chromatographic fractionation employed in our "work. It may be a 
polymorphous modification of our acid XII, or, more likely, an isomeric 
mixture. Since Marker’s acid has not been characterized b}" rotation data 
or derivatives, a satisfactory correlation with our compounds is not pos- 
sible. 

It seemed of interest to ascertain which, if any, of the isolated trihydroxy- 
cholanic acids could be obtained by addition of hydroxyl groups to the 11-'12 
double bond in 3(a)-hydroxy-A^'-cholerdc acid by means of osmium 
tetroxide. This reagent, which is known to give rise to czs-gl 3 ^cols (12), has 
been applied to the desoxy analogue of V, A^^-cholenic acid, bj* Alther and 
Reichstein (13) and jdelded an 11 , 12-dih3"drox3'cholanic acid. In our case 
the reaction led to the trih 3 "drox 3 ' acid XII, which therefore must be one of 
the two possible 11 , 12-cts isomers. The 3 'ield of XH indicated that this 
isomer is the principal, if not the sole, product. 

DISCUSSION 

It is clear from the foregoing that the reduction of 3 (a) , 12 -dih 3 'drox 3 "- 

11- ketocholanic acid (I) with sodium eth 3 date and h 3 'drazine at 200° leads 
primarily to stereoisomeric 3,ll,12-trihydrox3’’cholanic acids. The re- 
duction of the 11-keto group to carbinol Ls reminiscent of the ‘‘abnormal” 
Wolff-Kishner reduction of the semicarbazones or h 3 "drazones of 3-keto- 
steroids to 3-hydroxy compounds (14), but this similarit 3 " is superficial in so 
far as in the latter cases the addition of h 3 "dra 2 ine forces the reaction to 
proceed normally; that is, with the formation of a methylene group. With 
the present substrate, the cause of the “abnormal” reduction is probabl 3 ’’ to 
be sought in the demonstrated inability of the keto group to react with 
hydrazine or its derivatives, so that the reduction of this group b 3 ^ sodium 
ethylate, which is known under these conditions to 3 ’ield alcohols from 
3-ketones ( 14) , b ecomes the prevailing reaction . This concept is supp orted 
by the fact, demonstrated in the following paper, that in 3(a)-h3"drox3'- 
11,12-diketocholanic acid the 12-keto group is reduced in the normal 
manner, that is with elimination of the carbon 3 i ox 3 ^gen, while the 11-keto 
group is transformed into a h 3 "droxyl group. With the present starting 
product this reaction, per se, would account for the formation of tw'o 
trihydroxy acids differing from each other b 3 ^ epimerism at Cu- The for- 
mation of the third trih 3 "drox 3 ^ acid isolated b 3 ' us, and of a fourth isomer 
encountered in small amoimts b 3 ’' Gallagher (4) instead of our acid Vll, calls 
for an additional mechanism entailing partial epimerization of the original 

12- h3firox3'l group. Most likel3’’ this epimerization occurs before the reduc- 
tion through enolization of the 11-keto group to an 11 ,12-enediol. Since 
the enediol form is common to the epimeric 12-h3'dro\y-ll-keto acids and 
the epimeric ll-h3'droxy-12-keto acids, all four of these acids could veiw' 
w’ell coexist in hot alkaline solution and function as potential precursors of 
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the stcrcoisomcric trihydroxy acids. The findings of Gallagher and his 
colleagues that both cpimerlc 3(a),ll-dihydroxy-12-ketocholanic acids arc 
readily Lsomcrized by liot alkali to the Markcr-LaM^son acid do not invali- 
date this assumption, as the extent of this conversion is not knovn. To 
judge from the yields, the isomerization is by no means quantitative, and 
furthermore the isolation of the Markcr-Lawson acid Ls favored by the 
rclativel}^ greater case with which it can be separated in crystalline form. 
Indeed, a reasonable argument for the presence of at least one of the 
ll-lydroxy-12-kcto acids befoi-e the start of the reduction can be made on 
the following grounds. 

It is difficult to visualize the formation of 3(a)diydroxy-A^*‘Cliolenic acid 
from the Alarkcr-Lawson acid by a mechanism other than elimination of 
the keto group, and subsequent dehydration of the remaining hydroxyl 
group in Ring C to form the 11-12 double bond. The available evidence 
indicates that an 11-kcto group resists the usual procedures for reduction 
to a meiliylene group, but that a 12-keto group can be so reduced by sodium 
ethylate and liydrazine. Consequently, the immediate precursor of the 
iinsaturatcd acid must be a 3(a),ll“dilydroxycholanic acid which in turn 
arises by normal reduction from a 3(a) , ll-dih3’’droxy-12-ketocholanic acid 
formed by partial isomerization of the starting material. The fact that 
none of the intermediate 3 , 1 l-dilij'-drox^’’ acid was found among the reduc- 
tion products may be mercb’' due to the inadequac}’' of the method of 
separation, or ma}'' be ascribed, as b}'* Long and Gallagher (6), to the pres- 
ence in this acid of an ll(/?)-lydro\yI group which these authors assume to 
be susceptible to delydration under these conditions. 

It is possible to di*aw from our results, in conjunction with those of 
Gallagher and his colleagues, certain conclusions regarding the configura- 
tions of the 11- and 12-lydroxyl groups in the stcreoisomeric trihydroxy- 
cholanic acids VII, X, and XIL Stereoisomerism at C3, such as might have 
resulted from an inversion of the 3(a)-hydrox3d group under the conditions 
of the Wolff -Kishner reaction (14), is excluded b}^ the fact that the three 
acids, as well as the fourth isomer of Gallagher (4), have been linked ^Yith 
3(a)-hydroxyI compounds by reactions which could not cause inversion at 
this carbon atom (VII — > I; X — > XV ; V XII). 

In regard to the “absolute*’ configurations of 11-hydroxy compounds, 
the following facts must be considered. The space model shows that an 
ll-hydroxyl group is more strongly hindered in the /3 (cis to the methyl 
gi-oups at Cjo and C13) than in the a configuration. Methyl ll-hydroxy- 
cholanate (15), and methyl 3(Q:)-acetoxy-ll-h3'’drox5^cholanate (16) require 
rather severe conditions for acetylation at On, and in this respect resemble 
the adrenal cortical steroids. Reich and Reichstein (15) tentatively as- 
signed the 11 (a) configuration to method 11-hydroxycholanate, because it 
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was one of the products formed in the catal3’tic reduction of an 11 , 12-oxide 
ester which they showed to be method 11(a) , 12(a)-oxidocholanate. The\' 
admit, however, the possibilit}’ of a Walden inversion in the reaction, and 
consequently the limited value of this type of evidence. On the other hand, 
our experience with the triacetoxy ester XI and the 3,ll-diacetox3’-12- 
hydroxy ester ATIII prov^es conclusivelj' that a h^'droxyl group in position 11 
can exist in a spatial orientation in w’hich it is easily accessible to acetv'lating 
agents. Another case in point is the 3(a) , 1 l-dih3"drox3'cholaiiic acid which 
Gallagher and his associates (6, 8) obtained b3' Wolff-Kishner reduction of 
both 11-epimeric 3(a),ll-dih3’drox3"-12-ketocholanic acids, and which 
3ields a diacetate on relativel3^ mild acetviation. It is therefore logical to 
accord the 11(a) configuration onh^ to Il-h3’drdx3" compounds w^hich show* 
this behavior, and the p configuration to those w'hich do not. 

In the attempt to assign configurations to the 12-h3’drox3d groups in the 
reduced acids, the epimeric pair desoxv^cholic acid and 12-epidesox3'cholic 
acid must serve for reference. Koechlin and Reichstein (17) adduced 
evidence by saponification rate measurements that the 12-h3"drox3-l group 
in desoxy cholic acid is more strongl3^ hindered than in its epimer. We have 
found that desox3xholic acid under the conditions of acet3dation used b3" 
us yielded the 3-monoacetate as the only cry-staUizable product (m.p. 124- 
126°; 316^ about 40 per cent). This, in conjunction wdth the fact that the 
12-hydroxyl group in I and in VII is quantitativxl3^ acet3dated under these 
conditions, provides additional evidence for the (moderateh^) hindered 
character of this group in desox3xholic acid and the absence of such hin- 
drance in the epimeric configuration. Since the difference in the reactiv’it3' 
of the epimeric groups is probably not great, this criterion for correlating 
configurations must admittedl3’' be used with caution. However, a check 
is provided by the rotation data. Desox3xholic acid and its derivxtiv'es 
have higher dextrorotations than their 12-epimers. Therefore, if it can be 
shown that two compounds differ by epimerism at C12 onl3", the epimer giv'- 
ing evidence of being more hindered should also be more dextrorotatorv' 
than the other. If both these criteria are met, this epimer ma3^ be assumed 
to be configurationally related to desox3’cholic acid. 

In regard to the “absolute” configuration of the 12-h3’drox3d group in 
desoxycholic acid and its 12-epimer opinions are divided. Various theoreti- 
cal considerations led Koechlin and Reichstein (17) to assign the I2(fi) 
configuration (12-h3’'droxyl group ct^ to meth3d at Cu) to desox3xholic acid 
and the 12 (cr) configuration to the epi compound. Gallagher and Long (5) 
present evidence which favors the opposite relationship. However, as will 
be shown below, the latter view when applied to the epimeric trihv'^droxv'- 
cholanic acids conflicts with the data concerning relative hindrance and 
rotation, provided that the absolute configurations at Cn in these compounds 
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have been corrcclly assigned We have therefore adopted the view of the 
Swiss investigators as the basis of the stereochemical relationship discussed 
here, but wish to make it clear that the designations thus arrived at should 
be considered as tentative. They may have to be revised as more facts 
pertaining to the absolute configurations at Cn and become available. 

On the premises set forth, acid XII has to be designated 3(a), 11(a),- 
12(a), because none of the hydroxyl groups is markedly hindered, and the 
CIS relationship of the 11- and 12-hydroxyl groups has been established by 
its formation from 3(a)-hydroxy-A^'-cholenic acid with osmium tetroxide. 
Acid X possesses a moderately hindered hydroxyl group, which has been 
shown to occupy the 12 position, since the diacetoxy hydroxy methyl ester 
VIII can be oxidized to the methyl 3(a),12(a)-diacctoxy-12-ketocholanate 
of Gallagher and Hollander (8), Consequently X is 3(a), 11(a), 12(^)- 
triliydroxycholanic acid, the 12-epimer of XIL The configurations as- 
signed to XII and X are in agreement with those proposed by Gallagher 
(4). However, the facts regarding stcric hindrance as well as the rotations 
(X more dextrorotatory than XII) relate X configurationally to desoxy- 
cholic acid and XII to 12-epidesoxycholic acid. This would seem to contra- 
dict the view of Gallagher and Long that desoxycholic acid is a 12(a) 
compound, unless it is assumed that the presence of an ll(a)-hydrox7l 
group in X and XII reverses the relative reactivities of the 12-hydroxyl 
group as well as their contributions to rotation. 

Acid VII has a strongly hindered hydroxyl group occup3dng position 11, 
as shown by the oxidation of its diacetoxy hydroxy methyl ester VI to the 
diacetoxy ester III of the starting acid. Since the other two hydroxyl 
groups can be quantitatively acetylated at room temperature, it must be 
assumed by analogy vnth the epimeric pair XII and X that the 12-hydroxyl 
group has the a configuration. Acid VII is therefore designated 3(a),- 
ll(i9), 12 (a) -trihydroxy cholanic acid, and the starting acid I, 3(a),- 
12(a)-dihydroxy-ll-ketocholanic acid. This is contrary to the designation 
of Gallagher (4), who assigns to these acids the 12(^) configuration and con- 
siders the fourth isomeric trihydroxycholanic acid isolated by him to be the 
12(a)'epimer. Reacetylation has been carried out by this author on the 
corresponding meth3d 3(a), 12-dihydroxy-ll -ace toxycholanate obtained by 
acetolysis of 3(a)-hydroxy-ll,12-oxidocholanic acid and subsequent esteri- 
fication. A triacetate was obtained, but since the reaction was conducted 
at elevated temperature, the reactivity of the 12-hydroxyl group in this 
isomer relative to that in acid VII cannot be judged. The specific rotations 
in ethanol of VII (+42.9°) and of the isomer of Gallagher (+54°) indicate 
that the former is related to 12-epidesox3'^cholic acid and the latter to 
desoxycholic acid. This is of course compatible with Gallagher ^s view’- 
point (12(a) configuration in desoxycholic acid and in his fourth isomeric 
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trihydroxy cholanic acid, 12{0) configuration in 12-epidesoxy cholic acid and 
in VII), as well as with our own, w^hich reverses the designations in both 
these pairs. We prefer the latter view', because otherwise it will have to 
be assumed that the postulated optical relationships with the desoxycholic 
acid pair hold for the pair and the isomer of Gallagher, but not for the 
pair XII and X. However, since the e^idence for either configuration in 
acid VII is in our opinion rather tenuous, a question mark following the 
12(a) designation adopted by us for YLl and I and their derivatives is in 
order. 


EXPERIitENTAL 

The starting material w’as prepared by the method previously described 
(1), except that we found it more convenient to use for the brommation in 
position 11 the method ester of 3(a)“acetoxy-12-ketocholaiiic acid iostead 
of the acid itself. In the preparation of a later batch, in which the method 
of Gallagher and Long (7) w'as followed, W'e made the observation that 
hydrolysis of the crystalline 3(a)-acetoxy-ll(a)-bromo-12-ketocholaiiic acid 
methyl ester wdth methanolic potassium hydroxide solution at room tem- 
perature did not lead to replacement of the bromine atom; so that the result- 
ing product was the hitherto undescribed 3(a)-hydrox3^-ll(a)-bromo-12- 
ketocholanic acid. Subsequent treatment with sodium hydroxide in 
aqueous ethanol at room temperature yielded the insoluble sodium salt of 
3(a),ll(j3)-dihydroxy-12-ketocholanic acid, w'hich was then isomerized to 
the Marker-Lawson acid with hot aqueous alkali. 

In connection with the stereochemical questions previouslj^ discussed, it 
seemed of interest to examine the behavior of methyl 3(a) , ll(^)'dihydroxy- 
12-ketocholanate on acetylation at room temperature. As expected, a 
monoacetate, methyl 3(a)-acetoxy-llO)-h3^droxy-12-ketocholanate (m.p. 
161°), w^as obtained. 

S(ayHydroxy-ll(aybr07no-12-ke(ocJiolanic Acid — Method 3(a)-acetoxy- 
12-ketocholanate was prepared b 3 ’' the method of Reichstein and Sorkin (18) 
and brominated as previous^ described for the corresponding 3(a)- 
acetoxy keto acid (1), except that a small amount of h 3 ’’drobromic acid was 
added and the temperature was maintained at 65-70° instead of at 55°. 
^'or routine purposes, the procedure previousl 3 ^ given (1) w'as then followed, 
hut in later experiments the crude bromination product was reesterified with 
diazomethane in ether solution. On evaporation of the ether, most of the 
material crystallized. Recrystallization from the same solvent ydelded 
large needles, which b 3 ^ melting point (159-161°) and rotation ([a]J* = 
+49.1° in chloroform) were identified as methyl 3(a)-acetox3'-ll(a)- 
bromo-12-ketocholanate (7, 9). A solution of 10 gm. of the ester in 125 cc. 
of methanolic 0.5 n potassium h 3 ’’droxide solution was allowed to stand at 
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room temperature for 2 days and then separated into acidic and neutral 
fractions. The saponified part (4.0 gm.) crystallized from ether inneedles 
melting at 194-1 96®. After rccrystallization from 80 per cent alcohol, the 
melting point was 190-191 .5® (gas evolution). More of the crude acid could 
be recovered by subjecting the neutral fraction to a more prolonged hy- 
drolysis under the same conditions; [aY^ = +44.5® (1,04 per cent in al- 
cohol). 

Arialysis—CiilU^OABr. Calculated. C 01.38, II 7.95, Br 17,03 
Found. 01.43,'' 7.S8, " 10.59 

Methyl S{ayAcetoxy-ll{fiyhydroxy‘12‘‘kciocholanatc — 6.0 gm. of 3(a)- 
liydrox'y-ll(a)-bromo-12-kctocholanic acid were converted into the insolu- 
ble sodium salt of 3(a), ll(i5)-dihydroxy"12-kctocholanic acid vdth cold 
aqueous alcoholic sodium hydroxide solution according to the directions of 
Long and Gallagher (G) for the acetoxy methyl ester. 600 mg. of the salt 
(m.p. 200-203®) were suspended in 15 cc. of alcohol and 200 cc. of water. 
After the addition of 2 cc, of 2 n sulfuric acid the mixture w’as shaken 
mechanically for 2 hours, and then cx'tracted Avdth ether. The residue of 
the dried and evaporated ether solution (590 mg.) was esterified vdth 
diazomethane in ether, and the crude ester was acetylatcd vdth 6 cc. of 
pyridine and 2.5 cc. of acetic anliydride at room temperature. After 24 
hours, the mixture was worked up in the usual way by extraction vith 
ether. The ether residue was recrystallizcd repeatedly from ether-pentane 
and finally from methanol, from which it formed plates melting at 159-161 ; 

= +118.4® (0.88 per cent in alcohol). 

Analysis — C27H420fl. Calculated, C 70.0S, H 9,16; found, C 69,90, H 9.02 

The sodium salt of 3(a),ll(/3)-dihydroxy-12-ketocholanic acid was 
isomerized by boiling in 5 per cent aqueous sodium hydroxide solution, and 
acid I was obtained in good yield. 

Methyl 3{a) ,12{<x ?yDiacetoxy-ll-lceiocholayiaie {III ) — A solution of 
500 mg. of methyl 3(a), 12(a ?)-dihydroxy^-ll“ketocholanate in 2 cc. of 
pyridine and 1 cc. of acetic anliydride was allow'ed to stand at room tempera- 
ture for 24 hours. The reaction product, isolated by ether extraction, 
crystallized after addition of a little methanol. It was recrystallized re- 
peatedly from about 3 parts of the same solvent, from which it formed fine 
long needles on standing in the refrigerator. The melting point of the 
purified product was 67-69®, but occasionally higher values (up to 80®) were 
observed; [a]^ = +54.5® (0.98 per cent in alcohol). 

Analysis-^OiAiiiOT^ Calculated, C 69.02, 11 8.83; found, C 68.76, H 8.69 
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A solution of 45,2 mg. (0.0896 mil) in 0.1 n methanolic potassium hydrox- 
ide solution was allowed to stand 6 daj’s at room temperature. Back 
titration showed that 0.260 miliiequivalent of base had been neutralized 
(calculated, 0.269 miliiequivalent). 

3(a)-Hydroxy-12(a f)-ac€toxy-ll-kdocIiolanic Add Hydrazide — ^A solution 
of the above ester (208 mg.) in absolute ethanol (5 cc.) and 85 per cent 
hydrazine hydrate (0.5 cc.) was boiled under a reflux for 20 hours. The 
oil remaining after evaporation of the alcohol was dissolved in 1 cc. of 
methanol. After addition of a few drops of water and standing in the 
refrigerator a crystalline product separated. This was recrystallized twice 
from 20 per cent aqueous methanol, jrielding rosettes of needles (45 mg.) 
which melted at 123-124°. 

Analysis — C:eH 450 iN 2 . Calculated. C 67.4S» H 9.16, X 6.06 
Found. “ 67.52,“ 9.35,“ 6.5S 

WoJff-Ktshner Reduciion of 3(a)yl2(a ?yDihydroxy-114:elocholanic Add 
(!) — 2 to 3 gm. batches of the acid, or of its derivatives II or III, were 
heated together \rith sodium ethjdate, prepared from an equal amount 
of sodium and 10 parts of absolute ethanol, and 2.5 cc. of 85 per cent 
hydrazine hydrate in a sealed tube at 190-200° for 6 hours. The contents 
were poured into water, and the acidified solution was extracted vith 
ether. The dried ether solution was evaporated to a small volume and 
treated with an excess of diazomethane. After several hours, it was taken 
to drjmess and the residue was allowed to stand vdth pjTidine-acetic 
anhydride, 2: 1, at room temperature for 24 hours. The subsequent treat- 
ment of the acetylated ester mixture is illustrated by a t>q}ical experiment. 

The resinous product (about 4 gm.) was* dissolved in about 10 cc. of 
absolute methanol. After standing for some time in the refrigerator the 
solution deposited a mass of fine needles, which were filtered and washed 
with cold methanol (Fraction A, 320 mg.). The mother liquor was brought 
to dryness, and the residue was dissolved in 100 cc. of benzene-hexane, 
4:1, and adsorbed on a column of aluminum oxide (3.5 X 22 cm.). The 
chromatogram was developed with 500 cc. of the same solvent mixture, and 
elution was effected hy washing *svith benzene-hexane, 1:1 (1800 cc.), 
benzene (2000 cc.), and ether-benzene, 1:4 (GOO cc.). The filtrates were 
collected in 100 cc. portions. jNIost of the benzene-hexane, 1:1, eluates 
crystallized spontaneously and were combined (Fraction B, 250 mg., 
m.p. 114-116°). The first benzene eluates were also for the most part 
crystalline (Fraction C, 708 mg., m.p. 145-149°), The amorphous residues 
of the remaining benzene eluates were dissolved separately in amounts of 
ether-hexane, 1:4, just sufficient to effect solution. After several days in 
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the refrigerator, some of the solutions deposited crystalline material, which 
was combined (Fraction D, 303 mg., m.p. 75-90°). The ether-benzene 
eluates could not bo crj^stallizcd. They were combined (Fraction E, 1.5 
gm.) and o.v'idizcd with chromic acid, whereby they yielded appreciable 
amounts of the diacctoxy keto ester XIV. 

The separation of the various constituents of the ester mixture by the 
fractional elution procedure described above is not as efficient as Hught 
be desired. There is only a gradual decrease in the weight of the residues 
from the 100 cc. portions as elution with the same solvent proceeds, and 
consequently crystallizability and melting points rather than weight trends 
must be relied upon as criteria for combining these eluates into the several 
fractions mentioned. 

Methyl S{a)-Acetoxy-6}'^-choleriaic {IV) — Fraction B was recrystallized 
twice from methanol, from which it formed large elongated platelets (196 
rag.) melting at 118-119°; [a]o^ = -}-50.2° (0.85per centra acetone); 

(0.87 per centra chloroform). Press and Reichstein (10) report a melting 
point of 116-117° and an of +52.2° in acetone. 

Analysis — Ci 7 H 4 jQ«. Calculated, C 75.29, H 9.84; found, C 75.56, II 9.89 

In one case, the melting point of Fraction B was 117-121°, and that of 
the purified product 121-122°. Although the latter showed the same 
characteristic crystal form as the lower melting preparations previously 
obtained, it is possible that in this material some of the isomeric ester, 
methyl 3(a:)-aceto.\y-A®’“-cholenate (m.p. 138°), or of the completely 
reduced ester, methyl 3(a)-acetoxycholanate (m.p. 134°), w'as present as 
an impurity. Seebeck and Reichstein (9) have shown that the three 
acetylated esters form inseparable mixtures with melting points intermedi- 
ate between those of the components. 

3{a)-Hydroxy-M'--cholenic Acid (F) — Hydrolysis of 140 mg. of ester 
IV, effected by boiling with 5 per cent methanolic potassium hydroxide 
solution for 30 minutes, yielded prisms which after recr 3 "staIlization from 
acetone melted at 163-165°; [a]|^ = -f33.2° (1.32 per cent in ethanol). 
Press and Reichstein (10) report a melting point of 165-166° and an 
[a]" of -{-33.2° in ethanol. A part of this material (71 mg.) was converted 
into the acid succinate with pyridine and succinic anhydride. The resultmg 
product, recrystallized from dilute alcohol, melted at 226-227°, as did the 
derivative previously obtained (1). 

Methyl S(a),lS(a ?)-Diacetoxy-ll{0)-hydroxycholanate (VI ) — Fraction 
A (320 mg., m.p. about 190°) was recrystallized four times from methanol, 
whereby 100 mg. of small rods melting at 210-212° were obtained; [«}n " 
-f59.9° (0.89 per cent in chloroform). 

C.,H4,Or. Calculated. C 68.73, H 9.15; found, C 68.85, H 9.27 
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Oxidation of 42 mg. of ester VI \N*ith 25 mg. of chromium trioxide in 1 
cc. of pure acetic acid at room temperature for 24 hours yielded in the 
neutral fraction 41 mg. of a glass, which, when moistened with methanol, 
turned into a mass of long, fine needles on standing in the refrigerator. 
The substance (m.p. 68-70°) was reciystallized twice from small volumes of 
methanol and then melted at 67-69°. The melting point was not depressed 
by admixture of methyl 3 (a), 12 (a ?)'diacetoxy-ll-ketocholanate (III). 

S{a) yl2(a ?)-Trihydroxycholanic Acid {VJI) — ^The ester Y1 (135 
mg.) was hj’drolyzed by boiling with 5 per cent methanolic potassium 
hydroxide solution for 1 hour. The product w'as reciystallized twice from 
ethji acetate, yielding rhombohedral crystals melting at 176-177°; [a]^ 
= +42.9° (0-97 per cent in ethanol). 

Analysis — C;4H460i. Calculated, C 70.53, H 9.87; found, C 70..57, H 9.97 

Treatment of the trihydroxy acid with diazomethane resulted in the 
formation of a colorless resin which could not be crystallized. The amor- 
phous ester (21 mg.) W'as acetylated with acetic anhydride and pyridine 
at room temperature. The recrystallized product (17.9 mg.) melted at 
211-213°. A mixtrme with ester Yl showed the same melting point. 

Methyl {ayi>iaceioxy-12{fi)-hydroxycholanaie {VIII) — ^Fraction 

D (303 mg.) on recrystallization from ether-pentane, 1 : 2, yielded 128 mg. of 
long needles melting at" 123° after softening at 97°. After three more 
recrystallizations from the same solvents, the melting point became con- 
stant at 127-129°; [a]^ = +39.6° (0.91 per cent in chloroform). 

Analysis — CjalluO;. Calculated, C 68.73, H 9.15; found, C 68.86, H 9.11 

Methyl 3{a) ,ll{a) yl2(fi)-Triacetoxycholanate (IX) — ^The ester 
(38 mg.) W'as boiled with 2 cc. of p 3 Tidine and 1 cc. of acetic anhydride 
for 5 hours. The partW crystalline reaction product was adsorbed from 
a benzene-hexane solution, 1:9, on a small column of aluminum oxide. 
Benzene-hexane, 1:1, eluted homogeneous looking material (10 mg.) 
which, after recrystallization from methanol, melted at 186-187°; [a]^ = 
+64.5° (0.31 per cent in chloroform). 

Ajiahjsis — Cjiir 440 s- Calculated, C67.S1, 11 8.82; found, C 67.87, H 8.83 

^(<x) yll(a) yl2(fi)-TrihydroxychoIamc Add (AT) — The ester VIII (52 mg.) 
W'as hydroK'zed by boiling with 5 per cent methanolic potassium hj^droxide 
solution for 3 hours. The acid was recr 3 ’'stallized from ethji acetate, from 
w’hich it formed blunt rods melting at 162-164°; [a]^ — 46.9° (0.78 per 
cent in ethanol). 

Calculated, C 70.53, H 9.87; found, C 70.61, H 10.11 



720 


wolff-kishnkh RnnucrioK 


Methyl 3(a) j] 1(a), 12{ayTriacctoxycholanatc (A7)— Fraction C was 
rccr 3 's{allizcd twice from nictlianol and then twice from hexane. The 
compound crystallized from either solvent in long, fine needles. The melt- 
ing point of the pure compound (159 mg.) was 161.5~1G3®; [af^ == +37.F 
(1.05 per cent in chloroform). 

Analysis— 'CiilltiOB. Calculated, C G7.84, H 8.82; found, C C7.04, H 8.81 

S(a) , 11(a) ,12(a)’‘Trihydroxychola7xic Acid (XII) — Slightly impure ester 
XI (177 mg., m.p. 158'-1G2°) was dissolved in 5 cc. of 5 per cent methanolic 
potassium h 3 "droxide solution, and the mixture allowed to stand at room 
temperaturo'for 08 hours. The reaction j^roduct was dissolved in a small 
volume of warm cth 3 d acetate. ter standing overnight in the refrigerator, 

clear cut hexagonal plates mixed with a small amount of blunt needles had 
formed. The latter went into solution again at room temperature. The 
plates were filtered and washed well with cold eth 3 d acetate. This material 
(79 mg.) melted sharpty at 173-174°, On recrystallization from the same 
solvent, small rods were obtained whicli undenvent marked shrinking at 
13G°, thercb 3 " forming an opaque mass which collapsed and became clear 
at 173°. Further recr 3 ''stallization did not cliange this behavior. A 
mixture with the isomeric acid VII (m.p. 170-177°) melted at 134-148°; 

= +26.7° (0.96 per cent in ethanol). 

Analysis — C 24 H 40 O 5 . Calculated, C 70.53, II 9.S7; found, C 70.54, H 9.71 

When 123 mg. of pure ester XI were hydrolyzed by boiling with S per 
cent methanolic potassium hydroxide solution for 3 hours, the resulting 
rods, recrystallizcd once from ethyl acetate, shoAved unsatisfactory melting 
properties (sintering at 134°, clear at 173°) which did not materially improve 
on further recrystallization. The rotation of the final preparation (38 
mg.) was +17.9° in alcohol. 

Methyl S(a) , 11(a) ,12(a)-Trihydroxycholanaic (XIII) — A. solution of 
acid XII (38 mg.) in ether Avas esterified AA’ith diazomethane and yielded, 
on evaporation of the solvent, rosettes of large square plates melting at 
65-74°. On recrystallization from ether-pentane, the cr 3 ’'stal form changed 
to needles. These melted at 133-136° and probably represent another 
polymorphous modification. The melting point of the pure compound 
AA^as 134-135.5°; [a]f = +28.4° (0.875 per cent in ethanol). 

Analysis— Calculated, C 71 .03, H 10 . 02 ; found, C 70.90, H 9.86 

S(a) ,ll(a) ,12(a)-Tnhydroxycholanic Acid (XII) from 3 (a)-IIydroxy- 
A}^-cholcnic Acid (F) — 3(Q:)-H3’'droxy-A^*-choIenic acid- AA^as conAWted into 

2 We wish to thank Dr. Randolph T. Major of Merck and Compan}’’, Inc., for the 
gift of several gm. of the pure compound. 
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the acetoxy ester IV. A solution of 1.5 gm. of the ester and 1.0 gm. of 
osmium tetroxide in 100 cc. of dry ether was allowed to stand for 6 days. 
The solvent was removed, and the black residue was taken up in a mixture 
of 10 cc. of benzene and 50 cc. of ethanol. After the addition of a solution 
of 2 gm. each of potassium hydroxide and sodium sulSte in 12 cc. of water, 
the mixture was boiled for 3 hours. A filtered solution of 2 cc. of saturated 
aqueous sodium chloride solution and 8 cc. of ethanol was added. After 
the removal of the benzene by distillation, the brown precipitate was filtered 
from the hot solution and washed well 'with hot ethanol saturated 'with so- 
dium chloride. The filtrate was neutralized and after removal of most of 
the alcohol in vacuo and acidification 'with hydrochloric acid was extracted 
'with ether. On concentration of the dried ether solution crystalline 
material (522 mg.) separated, which after recrystaUization from ethyl 
acetate melted at 172-173°. The melting point of a mixture 'with acid 
XIT was not depressed, in ethanol (+20.6°) was somewhat lower than 

that of the reference sample. 

Esterification 'with diazomethane yielded the meth3d ester XIII melting 
at 135-135.5°. When 147 mg. of the latter were acetylated in the usual 
manner at room temperature, the resulting product was inhomogeneous 
(m.p. 70-128°). It was purified hy chromatographing and jrielded 63 mg. 
of the triacetoxy ester XI melting at 163-164°; [a]^ = +33.9° (0.71 per 
cent in chloroform). 

The material from the original mother liquor was esterified and acet^'- 
lated, and on chromatographing jdelded 258 mg. more of the pure ester 
XI. 

Methyl 3{a) ,ll{a)~Diaceioxy-12-h€tocholanate (X7T0 — ^A solution of 
38.4 mg. of methyl 3(a),ll(a)-diacetoxy-1203)-hydroxycholanate (\TII) 
and 16 mg. of chromium trioxide in 1 cc. of pure acetic acid was allowed 
to stand for 24 hours at room temperature. The reaction product was 
separated in the usual way into acidic and neutral fractions. The latter 
crystallized immediately on addition of a little methanol (38.3 mg., m.p. 
149-151°). The product was recrystallized from 90 per cent ethanol, 
from which it formed rosettes of shinj^ rods melting at 150-151°; = 

+34.9° (0.99 per cent in ethanol). 

Analysis— Calculated, C 69.02, H 8.S3; found, C 6926, H S.91 

The diacetoxy keto ester can be convenient!}^ obtained also b}^ direct 
oxidation of appropriate chromatographic fractions containing its pre- 
cursor Thus treatment of 700 mg. of Fraction E 'with 120 mg. of 

chromium trioxide in 10 cc. of acetic acid jdelded 97 mg. of the pure com- 
pound. 

The keto group in XIV is unreactive to 2,4-dinitrophen3'‘lhj’drazine. 

^M,ll(cc)-Dihydroxy-12-k€tocholanic Acid (XT^ — The ester XIV (23.6 
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nig.) was dissolved in 2 cc. of 0.5 n methanolic potassium liydroxicle solu- 
tion, and the mixture allowed to stand at room temperature for 48 hours. 
The hydrolyzed product, recovered by ether extraction, crystallized 
immediately on addition of a few drops of ethyl acetate. Recrystallized 
from the same solvent, the acid formed solid triangular or rhombohedral 
blocks (16 mg.) ivith a melting point of 191-193°, which remained un- 
changed on further reciystallization; [a]^^ = +84.9° (0.04 per cent in 
ethanol). 


ylna?f/sis — C'lHjiOj. Calculnlcd, C 70.88, II 9.42; found, C 70.71, H 9.60 

When 71 mg. of ester XIV were hydrolyzed by boiling with 2,5 cc. of 5 
per cent methanolic potassium hydroxide, the crude product, on recrystal- 
lization from ethyl acetate, yielded inhomogeneous material (56 mg., m.p. 
173-194°). By repeated rccrystallization from the same solvent and 
finally from 95 per cent ethanol, 11 mg. of prisms melting at 201-203° 
were obtained; [a]^ = +72.8° (0.80 per cent in ethanol). A mixture udth a 
sample of 3(a), 12(a ?)-dih 3 ^droxy-ll-ketocholanic acid (I) (m.p. 202-203^ 
lain = +65.2° in ethanol) melted at the same temperature. 

Anahjsis — Calculated, C 70.88, H 9.42; found, C 70.64, II 9.54 

SUMMARY 

The Wolff-ICishner reduction of 3(a), 12(a ?)-dihydroxy-ll-ketocholanic 
acid with sodium ethylate and hydrazine has been reinvestigated. The 
acid C 24 H 3 SO 3 obtained in a previous study ( 1 ) has been identified as 3(a)* 
hydra\y-A^^-cholenic acid. The remainder of the reduction product has 
been shown to consist largely of three stereoisomcric 3(a) , 11 , 12 -trihydro.x- 
ycholanic acids which could be separated in the form of acetylatcd esters. 
In two of the stereoisomers, one of the h 3 *droxyl groups in Ring C is not 
amenable to mild acetylation, while the third isomer can be completely 
acetylatcd under these conditions. It has been demonstrated that in one 
of the acids resistant to complete acetjdation, the hindered Iydrox>d group 
is in position 11 ; in the other, iti position 12 . The spatial orientation of the 
11 - and 12 -hydroxyl groups in the three isomeric acids is discussed, and 
configurations are provisionally assigned. 

The microanab'^ses reported in this paper were carried out b}'' Mr. J. F. 
Alicino of this Division. 
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THE WOLFF-KTSHNER REDUCTION OF 3(a)-HyDROXY-ll,12- 
DIKETOCHOLANIC ACID 

Bt 0. WIKTERSTEIKER akd M, MOORE 

{From the Division of Organic Chemisiryj The Squibb Insliiute for Medical Research, 

New Bruns^rich) 

(Received for publication, September 8, 1945) 

In a previous study (1) it has been shown that the Wolff-Kishner reduc- 
tion of 3(ct),12(a ?) -dihydroxy-1 1-ketocholanic acid (Marker-Lawson 
acid), formerly thought to be a 3(a),ll-dihydroxj'-12-keto acid, jdelds 
3(a)“hj^droxy-A“-cholenic acid and three stereoisomeric 3 (a), 11, 12- 
trihydroxycholanic acids, but none of the desired 3(a),ll-dih3"drox>^- 
cholanic acid. At the time when these results were obtained the true struc- 
ture of the starting acid had not j^et been recognized, and the inertness of 
the keto group and its failure to undergo normal reduction to a methjdene 
group was ascribed to steric hindi-ance by the adjacent hj-droxyl group, 
then supposed to be in position 11. The studj' was therefore extended to 
3(a)-hydrox3"-ll,12-diketocholanic acid, on the presumption that an 
enolic hy-droxyl in that position might be spatially so situated as not to 
interfere with the normal reduction of the 12-keto group. The diketo 
acid bad been previously described by Longwell and Wintersteiner (2) 
in the form of its 3-acid succinyl methyl ester (DO- The absorption spec- 
trum of this derivative indicates that it exists entirelj” in the diketo form, 
whereas the free acid which we have now prepared from it by hj^drolysis 
with alkali represents a stable enol form (^^). This is entirely analogous 
to the behavior of the 11 , 12-diketocholanic acid of Wieland and Pasternak 
(3), whose conclusions regarding the structure of the two forms were 
confirmed spectrographically by Barnett and Reichstein (4). Since under 
the conditions of the Wolff-Kishner reaction immediate enolization could 
be anticipated, the succinoxy ester was used directly for the reduction with 
sodium ethylate and hydrazine. The non-cr^^stalline reaction product was 
converted into acetylated methyl esters and the latter were fractionated 
chromatographicall^’’. Two czy^stalline products w^ere obtained; (1) ma- 
terial melting at 124—126° which was similar in appearance and properties 
to corresponding chromatographic fractions of somewhat lower melting 
point occasionally’ obtained in the reduction of 3(cr),12(a ?)-dih3’droxy-ll- 
ketocholanic acid (1). This product was not further investigated, but 
probabty consists mainb^ of meth3d 3(or)-acetox3^-A^-cholenate, mixed with 
some of the isomeric ester and possibl3’’ of meth3’’l 3-acetox3'cholanate 
(1); (2) an ester, CjrHiiOs, melting at 146-148° which is identical with the 
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methyl 3(a)-acetoxy-ll-hydroxycholanfttc (VIII) obtained by Lardon and 
Reichstein (5) from methyl 3(a)-acctoxy-A“-cholcnatc via methyl 3(a)- 



I. R = H IV. R = COCH.CH:COOH 

II. " = COCH,CH,COOH 
III. “ = COCHiCH-COOCIIj 



V. R = Ri = H 
VI. “ = CHa, R, = H 
VII. “ = CHj, " = CHaCO 



(VIII) 


(IX) 


acetoxy-ll-ketocholanate (IX). Oxidation of the isolated compound to 
the latter ester confirmed its structure. 



0. 'VNaXTEUSTEIXER AND XI. MOORE 


727 


It is now evident from t!ie work of Gallagher and his collaborators (6, 7) 
on the WolfT-Kishner reduction of the tnie 3(a) ,ll-dihyd^oxy-12“ketocho- 
lanic acids that the ll-hydro\wl gi’oup in neither epimeric configuration 
prevents the nonnal irduction of the 12-keto group. This, of course, 
accounts also for the ready elimination of this group from the enolued 
diketone. It is furthermore well established by the work on the ^larker- 
La\\*son acid (1, 8) that an 11-keto group is not reduced in this manner, 
but instead is transformed into carbinol, in all probability vm an enol 
form. The formation of a 3(a),ll-dihydrox3'cholanic acid from the 
11,12-diketo acid is thus readily explained. The unsaturated acids simul- 
taneously formed obviously arise by dehj^dration either from this dihydroxj" 
acid, or from its ll-epimer, which ma\" be more unstable under the condi- 
tions employed. 

Lardon and Reichstein (5) have tentatively assigned the 11(a) configura- 
tion to the acetoxy ester VIII. Their argument on this point is mainly 
based on the fact that the corresponding 3-desacetoxy compound, methyl 
11-hydroxycholanate, can also be obtained by high pressure hj’drogenation 
of methyl 11(a) , 12(a)-oxidocholanate (9). However, the possibility of a 
Walden inversion in the latter reaction was admitted. The ll-hydrox>d 
group in both methyl 3 (a) -acetoxj^-1 1-hydroxy cholanate and methyl 
11-hydroxycholanate is considered comparatively resistant to acetylation 
by the Swiss investigators. Experimental data were given only for the 
latter compound, and they show that heating with pyridine and acetic 
anhydride at 100° for 3 hours yielded an amorphous acetate besides some 
starting material. On the other hand, Long and GaUagher (6) report that 
the methyl 3(a),ll-dihydroxycholanate which they obtained b 3 " Wolfi- 
Kishner reduction of 3(a),1103)-dihj"droxj'-12-ketocholamc acid hx’drazide 
hy’drazone was readilj^ converted into a diacetyl meth}'! ester (m.p. 118- 
119°) by heating with these reagents for 1 hour onty. Since in some of 
the stereoisomeric 3,11,12-trihydrox'ycholanic acids the ll-hj-droxjd 
group in the a configuration is amenable to acetylation under even milder 
conditions (1, 8), they assigned this configuration also to their 3(a),ll- 
dihy'droxycholanic acid. (This requires the assumption that epimeriza- 
tion at Cii has occurred imder the influence of hot alkali before reduction 
of the 12-h3'drazone group.) We therefore subjected material recovereu 
from the mother liquors of the monoacetate ^^[II (m.p. 138—143°) to acetyla- 
tion under the conditions used hy Long and Gallagher, but the melting 
point remained unchanged. It therefore appears that the 3(a), II- 
dihj'droxj^cholanic acid of these authors differs from the ester ^TII hy 
epimerism at Cu, and that the latter should be accorded the 11(^) configura- 
tion by the criterion adopted hy Gallagher and ourselves (1, 8). 

One of the disadvantages of the procedure described here is the consider- 
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able loss of material which attends the monosuccinylation of the starting 
ester I and the isolation of the diketo ester acid succinate IV after the 
oxidation step. Longwcll and Winteretciner (2) secured the latter com- 
pound without isolating the intermediate 3-acid succinate II of the starting 
ester. In the hope that b3'' carrying out the two steps separately the over- 
all yield could be improved, II has now been isolated and characterized. 
However, the losses in its purification are such that the use of the pure 
compound (m.p. 142'-143°) for the subsequent oxidation is impracticable. 
For further characterization the dimeth^d ester III (m.p. 80-88°) was 
prepared. 

Though the oxidation reaction seems to proceed smoothly' and rapidl}^ 
the purification of the resulting methyl 3-succinoxy-ll ,12-diketocholanate 
(IV) ^Yas beset with difficulties. The melting points were unsharp and 
lower than that (194-190°) previousl}" reported (2). Nevertheless, the 
preparations were analytically pure, and showed tlie same ultraviolet 
absorption characteristics as the preparation of Long^vell and Winter- 
steiner. In view of the generall}’' unsatisfactory*’ properties of the acid 
succinates, alternative methods for the preparation of the diketo acid, such 
as partial oxidation of the starting acid itself, in analogy to the preparation 
of 3(Q:)“hydroxy-12-ketocholanic acid from desoxycholic acid (10), or oxida- 
tion of methyl 3(a)-acetoxy-ll03)-hydroxy-12-ketocholanate (1), would 
appear preferable. 

The 12-keto group in the succinoxy ester IV is reactive, as shown by the 
formation of a hydrazone hydrazide on treatment with hydrazine. The 
hydrolysis of IV to the enolic acid V, 3(a),ll-dih3»’droxy-12-keto-A®'“- 
cholenic acid, is best accomplished by*' methanolic potassium hy^’droxide at 
room temperature. The enolic character of V (m.p. 165-107°) is evidenced 
by the strongly positive, blue-green ferric chloride reaction, and the intense 
light absorption around 280 m/x characteristic for cyclic a,)S-unsaturated 
or-hydroxy ketones. The molecular extinction coefficient e was some^vhat 
lower than that observed by Barnett and Reichstein (4) for ll-hydroxy-12- 
keto-A®’^^-cholenic acid (7000 instead of 8700). The attempted prepara- 
tion of the oxime and semicarbazone yielded inhomogeneous products. 
For further characterization the methyl ester VI and the 3,11-diacetoxy 
ester VII were prepared. They gave correct analyrtical values, but had 
unsharp and erratic melting points. The spectrum of the methyd ester 
VI has the same characteristics as that of the free acid, but acetylation of 
the enolic hydroxyd group (in VII) results in a displacement of the charac- 
teristic 280 mju band to 243 m/x, and in an inci'ease of its intensity. Similar 
shifts accompany the acetylation of the diosphenol forms of cholestane- 
2,3-dione (11) and cholestane-3,4-dione (12). 
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EXPERniEXT.Ui 

8-Acid Succinate of Methyl 3(a)jl2(<x ?yDihydro2:y-ll-k€tochoJanate 
{II ) — A solution of 5 gm. of the methyl ester I and 11.8 gm. of succinic 
anhydride in 150 cc. of dry pjTidine was allowed to stand at room tempera- 
ture for 3 days, then boiled for 1 hour, and freed from most of the solvent 
hy distillation in vacuo. The residual solution was poured into ice water, 
and the precipitated material extracted twice with 500 ce. of ether. The 
ether solution w’as w^ashed several times with dilute hj^drochloric acid and 
then extracted with three 200 cc. portions of 1 x potassium carbonate 
solution. The latter was acidified and extracted with ether. The dried 
ether solution on evaporation yielded about 4 gm. of a crj'stalline mass 
(m.p. 120-135°) which after two reciy^stallizations from small volumes of 
90 per cent methanol weighed 2.4 gm. and melted at 139-143°. On further 
recr>’stallization of a small sample from 60 per cent ethanol platelets 
which melted at 142-143° after sinteiing at 140° were obtained. However, 
with some other batches the melting point remained unsharp at 138-142°, 
and could not be improved by changing the solvent used for recrystalliza- 
tion (ether-hexane). 

Analysn—OtiHuOi. Calculated, C 66.88, H 8.52; found, C 66.43, H 8.36 

11.91 mg. required 2.24 cc. of 0.01 x NaOH for neutralization; calculated, 
2.29 cc. 

Treatment of 52 mg. of the succinate with an ethereal solution of diazo- 
methane afforded the dimethyl ester III, w’hich after two recrj'stallizations 
from methanol melted at 84-86°. 

Analysis — CjoH^sOj. Calculated, C 67 37, H 8.6S; found, C 67.54, H 8.85 

S-Acid Succinate of Methyl 3{a)-HydToxy-ll ,12-diketocholanate (IF) — 
4.4 gm. of the crude succinate II (m.p. 126-135°) were dissolved in 40 cc. 
of acetic acid (distilled over chromium trioxide). The solution w'as cooled 
to near ice temperature, and 621 mg. of chromium trioxide (equivalent to 
Id atoms of oxygen) dissolved in 5 cc. of cold 90 per cent acetic acid were 
added in small portions in the coiuse of 10 minutes. On standing at room 
temperature a crj’stalhne precipitate formed, which after 1 hour was 
separated from the purple-green supernatant by filtration, washed with cold 
80 per cent ethanol, and dried. The crj’stalline product (1.25 gm., m.p. 
182-188°) was reciystallized several times from 90 per cent ethanol, w'here- 
hy it yielded 897 mg. of fine platelets with a constant melting point of 188- 
193°. The compound is fairb^ soluble in cold ethanol and acetone, but 
sparingly soluble in ether; = -f 106° (1.15 per cent in acetone). 
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ylrm/j/sis—CitnijOs. Calrulfttcd, C 07. IG, 11 8.10; found, C 67.01, H 8.14 

The absorption spectrum in ctlmnol showed a maximum at 284 mp 
(€ — 140) and a minimum at 250 (e = G5). 

The filtrate from the crude crystals was lirought to dryness in vacuo 
and the residue distril)utcd between water and ether containing 10 per cent 
of acetone. Tlirec extractions witli 450 cc. of this solvent mixture were 
necessary to bring all the material into solution. The combined ether 
solutions were thorouglily washed 'with water, dried, and evaporated. By 
recrystallization of the residue 830 mg. of the ester (m.p. 186-191°) were 
recovered. 

The succinate IV difTeis from tlic iinoxidizcd compound II by its low 
solubility in ether, and by its capacity to form an insoluble crystalline 
sodium salt \vhen its ethereal solution is distributed with aqueous sodium 
carbonate. However, attempts to utilize these properties for purification 
did not result in improved 3delds or preparations 'with shaiper melting 
points. 

A solution of partially purified succinate IV (200 mg., m.p. 181-186°) 
in 5 cc. of absolute ethanol containing 0.5 cc. of 85 per cent hydrazine 
hydrate was boiled for 17 hours. The ciystals which separated on cooling 
(42 mg., m.p. 165-167.5°) were collected and reciystallized from 95 per 
cent alcohol. The^'' were identified b}’* anal3’’sLs as succinic acid diiiydrazide. 

/InafT/sfs— C4 Hio 02N4- Calculated. C .32.85, H 6.90, X 3S.3 
Found. 33.60, 7.08. 3S.7 

The.filtrate and \vashings w’ere evaporated in vacuo and a few cc. of water 
'were added to the cr3''stalline residue. After standing overnight in the 
refrigerator, the crystals were filtered off and wmshed wdth cold water. 
The product (131 mg.) melted over a range of 140-170°. It was recrystal- 
lized twice from 25 per cent ethanol and then tu'ice from SO per cent 
methanol. The platelets thus obtained (58 mg.) melted Avith gas evolution 
at 150° after sintering at 144°. According to the anab'^sis the compound 
must be the 12-h3’’drazone of 3(Q:)-h3^drox3’’-ll,12-diketocholanic acid 

hydrazide. 

Analysis — CtJl 4 oO:K 4 . Calculated. C 60.61, H 0.33, X 12.96 
Found. ** 67.20, '' 9.34, 12.47 

The fact that the compound is derived from the diketo form of the acid 
follows from the negative ferric chloride reaction and from the ultraviolet 
absorption characteristics (maximum at 301 m/x, e = 238; minimum at 
about 245 e = 100; the exact position of the minimum is obscured by 
several ver}’' small secondaiy maxima at 243, 250, 256, and 263 m;*). The 
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shift of the main band from its position in IV towards the red end of the 
spectrum and the increase in its intensitj' is comparable to the "semi- 
carbazone shift” observed wdth a,P‘Unsaturated ketones. 

S{a) jl 1-Dihydroxy ‘12-keto-A'^^'^-choJenic Acid (T^) — 812 mg. of the suc- 
cinate IV (m.p. 187-191®) were dissolved in 30 cc. of methanolic 0.5 n 
potassium hydroxide solution. After standing at room temperature for 48 
hours, the mixture was separated in the usual manner into neutral and 
acidic fractions. The acidic material (G48 mg.) was dissolved in a small 
amount of absolute ether, from which it crystallized slowly in the form 
of large pinsms. Rccr 3 "stallization from 50 per cent ethanol jdelded 497 
mg. melting at 165-167° after slight sintering at 160°. Further recrystal- 
lization did not change the melting point. An ethanolic solution of the 
acid gave the characteristic blue^green ferric chloride reaction described 
for ll-hydroxj"-12-keto-A®'^^-cholenic acid (3, 4); [a]?? = -r91.1° (1.0 per 
cent in ethanol). 

CiJI;iOs. Calculated, C 71.24, H 8.97; found, C 71 .10, H 9.12 

The absorption spectrum in ethanol showed a single maximum at 281 mp 
(€ = 7000). 

Mcthijl 3{a) f 11-Dihydroxy- 12-l:€to-A^’^^-cholcnate (VI ) — ^The neutral frac- 
tion from the hydi*olysis experiment jdelded needle-shaped crystals melting 
at 57-70°, which could not be effectively purified. Since they gave a strong 
ferric chloride test and showed the same absorption spectrum as V, the}’' 
undoubtedly consisted for the most part of the methyl ester VI of the eno- 
lized acid. A somewhat better preparation of this ester was obtained by 
treating the acid V (105 mg.) uith a slight excess of diazomethane in ether 
(to persistence of a faint yellow color). The residue of the ether solution 
was taken up in 1 cc. of ether. Addition of 3 cc. of pentane and seeding 
uith the cr}\stals from the hydrolysis experiment caused immediate crystal- 
lization. The apparentl}" homogeneous needles thus obtained (92 mg.) 
melted at 68-75°. The melting point was not materially changed by two 
subsequent reciystallizations from the same solvents; [a]^ = -fl01° 
(0.91 per cent in ethanol). 

Analysis — CjITjiOs. Calculated, C 71.72, II 9.15; found, C 71.55, H 9.41 

The absorption spectrum showed the maximum at 280 m/x characteristic 
for the enol form (c = 5200). 

In another experiment in which the acid was allowed to react with a 
slight excess of diazomethane at 4° for 12 hours platelets were obtained 
which after recrystallization melted at 80-122°. The unsatisfactory melt- 
mg point properties of the compound may be due to the presence of some 
of the diketo form, as indicated by the low €, and of small amounts of the 
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ll-mctlioxy methyl ester formed by the participation of the enolic liydroxyl 
group in the reaction with diazomethanc. 

Methyl S{a) jll-Diaccloxy-lS-kclo-A^*^^- cholcnalc {VII) — GO mg. of the 
crude methyl ester obtained by mctliylation at 4® were treated with 1 cc. 
of p}Tidinc and 0.5 cc. of acetic anhydride at room temperature. After 
3 days the mixture was worked up in the usual way. The crude product 
(63 mg., m.p. 118-136°) was rocrystallized twice from ether-pentane, from 
which it formed rosettes of platelets melting at 123-128°. 

Atialysis—Cz^lh^Oj. Cnlcuhilod, C C9.28, II 8.43; found, C 69.20, H 8.49 

Another independently prci)arcd specimen melted at 161° after sintering 
at 120°; found, C 69.61, H 8.48. 

The absorption spectrum in ethanol showed a single maximum at 243 
mfi (6 = 7800). 

Methyl 3{a)-Acctoxy-ll-hydroxycholanQic {VIII) — A mixture of 1.5 gm. 
of partially purified succinate IV (m.p. 182-188°), 1,5 gm. of sodium, 20 
cc. of absolute ethanol, and 1.5 cc. of hydrazine hydrate was heated in a 
bomb tube at 200° for 6 liours. The solution was diluted Anth water, 
acidified, and extracted with ether. Tlie well dried residue of the ether 
solution was esterified with diazomethanc and then acetylated ^nth pyridine 
and acetic anhydride (room temperature, 24 hours). The neutral fraction 
(1.1 gm.) M'as dissolved in 50 cc. of benzene-hexane, 1:4, and adsorbed on a 
column (20 X 300 mm.) of aluminum oxide. The column was washed 
consecutivel}'' with 500 cc. each of {a) benzene-hexane, 1:4, (6) benzene- 
hexane, 1:1, (c) benzene, and {d) ether. The effluent solutions were col- 
lected in 50 cc. portions. The material eluted with mixture (a) was mostly 
crystalline and on recrystallization from methanol yielded 53 mg. of un- 
saturated esters melting at 124-126°. Eluates (5), (c), and {d) ^yere 
amorphous, but most of the fractions in (c), together 286 mg., crystallized 
when they were dissolved in a little absolute ether, and hexane was added 
to turbidity. The crude crystals were collected (137 mg., m.p. 131-145 ) 
and recrystallized from the same solvent mixture, yielding 90 mg. of rods 
melting at 146-148°. Further recrystallization did not change the melting 
point; [a]^ = -1-56.1° (0.945 per cent in chloroform). 

Analysis — C 27 H 44 O 6 . Calculated, C 72.28, 11 9.89; found C 72.39, H 9 SO 

Methyl 3{a)-Acetoxy-l 1-ketocholanate {IX) — ^The ester VIII (42 ing-) 
was dissolved in 1.8 cc. of “acetic acid containing 18.5 mg. of cliromium 
trioxide. The solution was allowed to stand 17 hours at room temperature 
and then worked up in the usual way. The crude product (41 mg., m.p. 
128-131°) was recrystallized from ether-pentane, from which it formed 
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hexagonal platelets melting at 130-132®; [a]^* = +66.3® (0.91 per cent in 
acetone). 

Analysis — CsrHijOi. Calculated, C 72.61, H 9.48; found, C 72.49, H 9.45 

SUMMARY 

The preparation, properties, and various derivatives of 3(o£)-hydrox>^-ll 
12-diketocholanic acid are described. The free acid, obtained by alkaline 
hydrolysis of the corresponding 3-succinoxy methyl ester, exists actuali3" 
in the enolic form, that is as 3 (a) , ll-dihydroxy-12-keto-A®'”-cholenic acid, 
whereas the succinoxy ester represents the diketo form. 

The Wolff-Kishner reduction of this acid jnelded besides unsaturated 
acids a 3(a),ll-dihydroxycholanic acid, isolated in the form of the meth3d 
3(a)-acetox3"-ll-h3^drox3'cholanate, pre\’iousl3" obtained via a different 
route b3^ Lardon and Reichstein (5), 

The microanalyses reported in this paper were carried out by ^Ir. J. F. 
Alicino of this Division, 

We are greatly indebted to Dr. N. H. C03' of the Biological 
Laboratories of E. R. Squibb and Sons for the ultraviolet absorption 
measurements. 
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LETTERS TO THE EDITORS 


EVIDENCE POR THE EXISTENXE OP AN UNIDENTIPIED 
GROW'TH STIMULANT IN PROTEINS* 

Sirs: 

Recently, Woolle}' and his associates have pi-esented evidence for the 
existence in proteins of an unidentified component which stimulates the 
g^o^\ih of certain microorganisms,^ and which appears to improve the 
rate of gain of mice recemng a ration in which the nitrogen is furnished in 
the form of acid-hydrplyzed casein supplemented with C3’’stine and try^)- 
tophane.- This substance has tentatively been given the name 
'strcpogcnin.”* 

For the past 3 j’eai’s, investigations which maj" be related to those of 
Woolle}” have been under vray in this laboratory. Attention has been 
directed toward discovering an explanation for the divergence in the 
growth rate of animals (rats) upon diets containing (1) mixtures of puri- 
fied amino acids and (2) native proteins. 

Considerable improvement over the growth observed in our earlier 
studies has been induced b 3 ^ the use of more adequate '^dtamin supplements 
than were available pre\'iousl3% and by certain alterations in our basal 
rations. However, even with these modifications, the gains are distinctl 3 ' 
inferior to those induced uniformly b 3 ’ rations containing proteins of 
superior quality. This is exemplified by the fact that the average gain in 
28 da3^s of forty-seven male weanling rats receiving a diet containing 18 
per cent of casein plus 0.2 per cent of dZ-methionine‘ was 143 zb 1.1 gm., 
while the average gain for the same period of 152 male rats upon a diet 
canying nineteen amino acids was 97 db 0.7 gm. The accompan 3 Tng table 
summarizes the effects exerted by replacing part of the amino acid mix- 
ture b 3 ' an equal weight of whole or h 3 ’drol 3 ’zed protein. The total gains 
ure to be compared with the figure (97 ±0.7 gm.) given above. 

* Aided by grants from the Rockefeller Foundation, the Nutrition Foundation, 
and the Graduate School Research Fund of the Univerfiit 3 ' of Illinois. 

* Sprince, H,, and Woolley, D. W., J. Am. Chem. Soc., 67, 1734 (1915). 

‘Woolley, D. W., J. Biol. Chem., 1B9, 753 (1945). 

‘ Sprinco/JT., and Woolley, D. W., J. Exp. Med., 80. 213 (1944). 
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Supplement 

Amount 
in diet j 

No. of mis 

Average toul gain in 

28 days with 

AA4iolc casein 

per €knt \ 

5 

10 

gm. 

12Gdb2.5 

105 =fc 2.9 

Acid-hydroIyzcd casein* 

5 

7 

H it * 

10 

7 

114 ±3,1 

AVholc fibrin 

5 

58 i 

123 ±0.9 

Acid-hydrolv^Jcd fibrinf. 

5 

1 

30 

117 ± 1.0 



* roly zed for IG liours. 

t Hydrolyzed for •! hours. 


Although in some tests the number of animals was small, the results 
are sufficiently clear cut to demonstrate tliat the inclusion of 5 per cent of 
either casein or fibrin in the diet exerts a distinct effect upon growth. 
On the other liand, complete liydrolysis with acid (1C hours) destroys most 
of the activity, while partial hydrolysis (4 hours) is not so detrimental 
Attempts to concentrate the active material have yielded extremely 
variable results. In some instances, active fractions have been obtained 
from incompletely liydrolyzed proteins; in others, for no obvious reasons, 
apparently identical methods have yielded negative findings. Tests have 
been applied to seventeen additional proteins and protein-rich foods. All 
materials examined have shown activity, with the possible exception of 
oxyhemoglobin from sheep blood, but none was more potent than casein 
and fibrin. 

These findings are believed to point to the presence in proteins of an 
unidentified substance which, like arginine, is not necessary for fairly rapid 
gains, but is required for maximum increases in weight. Whether the 
substance is identical with strepogenin remains to be established. Our 
investigations are being continued. 

Division of Biochemistry Madelyn AVomack 

Noyes Laboratory of Chemistry AVilliam C. Rose 

University of Illinois 
Urhana 
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THE NUTRITION OF LACTOBACILLUS GAYONII 

Sirs: 

Recent work of Cheldelin, Riggs, and SaretU on the nutrition of Lacto- 
bacillus gayonii 8289 indicated that an essential factor of unknown com- 
position was necessary for growth of this organism. 

On a basal medium, containing the known essential and stimulatory 
factors required by the lactic acid bacteria, w^e have found that the factor 
is merely stimulatory in nature. 

In preliminary work on the isolation of the factor it was noted that there 
was marked destruction of actmty by such commercial enzyme prepara- 
tions as taka-diastase or clarase. The pH optimum of the inactivation was 
4.0. This suggested that the active enzyme could be a phosphatase and 
that inactivation wa« nroceeding by liberation of phosphorus from the 

Table I 


Amounts of Substances Necessary to Promote Half Maximum Groicth of 
Lactobacillus gayonii 


Hydrolrzedjttst 
nadcic add 

Adenylic add 

Gtumylic add j 

Uridylic add 

Cytidylic add 

Adenylic, gnany- 
lic, cridylic, and 
q^dylic adds 


r 10 rJ, 

300 

y per 10 mi, 

212 

y per 10 ml. 

168 

y per 10 ml, 

150 

y each per 10 ml, 

38 


factor. As the most likely series of compounds would be the nucleotides, 
^ ammonia-hydrolyzed preparation of yeast nucleic acid- was tested for 
its ability to support growth of Ladohacillus gayonii. Such a preparation 
was found to be highly active. 

The results with the hydrolyzed yeast nucleic acid, the nucleotides, and 
a combination of the nucleotides are presented in Table I. Any one of the 
four nucleotides is able to support growth of Lactobacillus gayonii. The 
most active compound is cytidylic acid. The nucleotides are less active 
than the hydrolyzed nucleic acid. This suggests that the nucleic acid 
contains some factor that makes the organism more sensitive to the 
nucleotides. 

Only one nucleoside was available for comparison. Guanosine was 
found to be inactive. Further evidence for the inactivity of the nucleosides 
Was obtained by incubating hydrolyzed yeast nucleic acid or the nucleotides 
with taka-diastase. Representative data for hydrolyzed j^east nucleic 

* CheldeUn, V. H., Riggs, T., and Sarett, H. P., Federation Proc,, 4, 85 (1945). 

* Levene, P. A., J. Biol, Chem., S3, 425 (1918). 
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acid, adenylic acid, and uridylic acid are presented in Table II. The ratio 
of the per cent pliosphorus liberation to per cent inactivation is approxi- 
mately constant and nearly equal to unity. This concomitant inactivation 


Table II 

Enzyme Inactivation of Hydrolyzed Yeast Nxiclcic Acid^ Adenylic Acid^ 

and Uridylic Acid 


Substrate 

Taka 'diastase 
added 

Incubation 

1 

P liberated 

Inactivation 

Per cent P 
liberated 

Per cent 
inactivation 


mg. 

nr. 

hrr. 

per cent j 

per cent 


Hydrolyzed 

10 

None 1 

24 

None 

None 


yeast nucleic 

10 

20 

G 

38.31 

46.0 

0.83 

acid 

15 

20 

G 

47.7 

54.4 

0.88 


16 

20 

24 

70. G8 

78.4 

0.90 


15 

50 

24 

79.13 

85.1 

0.93 

Adenylic acid 

8 

40 

6 

31.77 

28.06 

1.13 


8 

40 

1 24 

95.95 

97.7 

0.98 

Uridylic acid 

8 

40 

G 

76.7 

78.58 

0.98 


8 

40 

24 

100.0 

99.0 

1.01 


with phosphorus liberation, taken in conjunction with the inactivity of 
guanosine, strongly suggests that the nucleosides are inactive for this 
organism. 

Lederlc Laboratories, Inc. B. L. Hutchings 

Pearl River, New York N. H. Sloane 

E. Boggiano 
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SUCCINIC DEHYDROGENASE OF MAMMALIAN LIMLR 


Sirs: 

In the course of a series of experiments designed to determine the dis- 
tribution within the normal and malignant cell of a number of enzjmes, 
use has frequently been made in this laboratory" of a neutral saline extract 
containing the C 3 "toplasmic components of manunalian liver cells. The 
preparation and fractionation of the “cytoplasmic extract” have been 
carried out according to tite method of Claude.* In the case of rat liveri 
it was found that approximately 70 per cent of the cytochrome oxidase and 
Euccinoxidase activity of the extract could be recovered in the large granule 
or mitochondrial fraction (sedimentable at 2700 X g for 20 minutes). A 
smaller particulate component (sedimentable at 18,000 X ^ for 90 minutes) 
had very little acti\nty% and the remaining soluble material of the extract 
had none. 

Further studies of the succinoxidase present in the mitochondrial fraction 
showed that the activity of the system, as determined aerobically" ^^ith 
added cytochrome c, declined rapidly when the granules were suspended in 
h3q)otonic media (0.01 M NaHCOj), whereas the succinic dehydrogenase 
activity, as determined anaerobically by" the ferricyanide technique,’ 
declined slowly. If the granules were repeatedly washed with hypotonic 
media, how’ever, the anaerobic activity could also be reduced to low levels. 
It was noted that the soluble material obtained by the initial treatment of 
the granules with 0.01 m NaHCOi consistently possessed faint but definite 
succinic dehydrogenase activity". The latter finding suggested that the 
dehydrogenase is a soluble enzymie but bound too firmly to particulate 
material to be separated by simple aqueous extraction. 

After a number of attempts it has been found possible to obtain clear 
solutions showing fairly high succinic dehydrogenase activity by the follow- 
mg procedure. The mitochondrial fraction of guinea pig liver is isolated, 
washed once with 0.85 per cent NaCl containing 0.025 m NaHCOj, and 
firmly packed by centrifugation at 18,000 X g for 1 hour. The granules 
are then treated twice with cold acetone, dried quickly" in vacuOj and ex- 
tracted for 18 hours at 0° with 0.01 m NaHCOj. The clear yellow* solutions 
obtained by centrifugation of the bicarbonate extract mixtures at 18,000 
X g for 1 hour have showm Qcoi values of 150 to 300 by the ferricymnide 
method with succinate as substrate. It is estimated that the amount of 

* Claude, A., in Biological syonposia, Lancaster, 10, 111 (1913). Claude, A., J. 
Exp. Med., in press. 

’Hogeboom, G. H., Claude, A., and Hotchkiss, R. D., unpublished experiments. 

* Quastel, J. H., and Wheatley, A. H. M., Biochem. J ., 32, 936 (1938). 
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dehydrogenase wJiich can be obtained in solution by this method represents 
a yield of approximately 10 per cent of the activity originally present in 
the granules. 

Preliminary studies of the soluble succinic dehydrogenase indicate that 
the enzyme can be precipitated with (NH 4 )jSO< between 20 and SO per cent 
saturation with very little loss. Wien redissolvcd in 0.01 m NaHCOj, this 
(NH 4 )jS 04 fraction retained 90 per cent of its original activity after standing 
for 4 days at 0° and was not afTcctcd by 18 liours dialysis against 0.01 m 
NaHCOj. Cjdochrome oxidase is apparently not present either in the 
bicarbonate extract or in the dialyzed (NH 4 ) 2 S 04 fraction, since both solu- 
tions reduce cytochrome c in the presence of air. The rate of reduction of 
cj^ochrome c is not accelerated, however, by the addition of succinate. 

Further studies of the succinic dehydrogenase present in the mito- 
chondrial fraction of mammalian liver will be reported in the near future. 

The Pjckcfeller Institute for Medical Research George H. Hogeboom 

leew York 

Received for publication, February 7, 19-lC 



THE DEMETHYLATION OF N^-METHYLXICOTINAMIDE AND 
THE INFLUENCE OF THE METHYL GROUP ON 
THE FATTY LIVER OF RATS 


Sirs: 

Control rats of comparable age and weight were fed the Griffith and 
Wade diet' with glycocyamine, 10 nni per kilo of diet. Experimental 
rats were fed N'-methylnicotinamide in addition. It was anticipated that 
demethylation would result in the* release of nicotinamide, which would 
be reflected in a high urinary output of the vitamin. Furthermore, 
creatine and creatinine formation might be enhanced and would be similarly 
excreted. Lastly, the available methyl group would prevent or diminish 
fat deposition in the livers of rats fed such a diet. 


lUt No. 

Diet supplement 

Liver fat 
(wet weight) 

Average 

1 

Glycocyamine 

p(r cent 

36.1 

per cent 

2 

ti 

39.1 


3 

£t 

39.7 


4 

tt 

34.7 

37.4 

5 

1 “ N^-methj’lnicotin- 

24.5 


6 

amide, 2% 

Glycocyamine, X*-methylmcotin- 

8.2 


7 

amide, 2% 

Glycocyamine, N*-methylmcotin- 

10.6 


S 

amide, 2% 

Glycocyamine,N*-methylnicotin- 

23.5 

16.7 


amide, 2% 




Eight adult rats mates) were placed in metabolism cages. Four 

ingested the diet with glj’^cocyamine. The other four, after a control 
period of 10 days, were given in addition 1 per cent N'-methylnicot inamide 
incorporated in the diet. The daily urinar^^ output of nicotinic acid in the 
first group averaged 4.5 7 per rat per day throughout the experiment . 
In the second group the level rose from an average of 3.5 7 during the con- 
trol period to 11.8 7 after N'-methykdcotinaniide ingestion. This persisted 
for the 3 months of the experiment. There was no noticeable difference in 
the urinary output of creatine and creatinine between the two groups 
throughout the experiment. When 1 per cent methionine was used 
instead of N'-methylnicotinamide on a group of eight rats similarly treated, 

* Griffith, W, H., and Wade, N. J., /. Biol. Chem., 132, 627 (19401 . 
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the creatine and creatinine output was similarly unaficeted. The excretion 
of these two substances, therefore, was not a useful criterion. 

To test the effect on fatty livens, ciKht 3 week-old litter mates were 
used. Four ingcslod the diet with glycocyaminc. The remaining four 
were fed in addition 2 per cent N'-methylnicotinamidc. The rats' were 
sacrificed 30 day.s after the beginning of the experiment for liver fat analysis. 

The table shows that rats fed N'-methylnicotinamide averaged less than 
half the amount of fat found in the controls. This is particularly pro- 
nounced in two of the rats. 

These results suggest that N'-methylnicotinamide is demethylatcd with 
the release of nicotinamide. This explains our finding- that the compound 
possesses antipcllagra activity in the dog. The effect on fat deposition in 
the liver suggests that the methyl group is biologically active. Further 
confinnation with a large gioup of rats is in progress. 

Dcparlmcni oj Fed lat vies 
IJarric! LmieHoffte 
Johns Hopkins Hospital 
Baltimore 

Received for publication, February 8, 1940 

2 Najjar, V. A., Hammond, M. M., English, M. A., Wooden, M. B.,and Dcal,C.C., 
Dull. Johns Hopkins Hosp.^ 74, 40G 


VicTon A. Najjar 

CAJlOhYTi 0. 



A CO^^mOX FACTOR IX THE EXZYjSIATIC ACETYLATIOX OF 
SULFAXILAXIIDE AND OF CHOLINE^ 

Sirs: 

The enzymatic condensation of sulfanilamide and acetate, with adenyl 
pyrophosphate as an energy donor, had been found dependent on a heat- 
stable coenzjTnc.^ Recently, by fractionation of pork liver, a relatively 
concentrated preparation of this coenzjTne was obtained, about 100 times 
the strength of the original boiled liver extracts. During the process of 
purification we became increasingly aware of the great similarity betAveen 
our acetylation sj’stcm in liver and the one, described by Xachmansohn 
and Machado,' in the brain extracts which combines choline with acetate, 
with adenyl p3TOphosphate again acting as condensing agent. 

It seemed likclj’ then that the coenz3mie, active in the acetA’lation in 
liver, might also be a factor in acetjdation in brain. The obserA'ations of 
Xachmansohn and his coworkers*** on partly' reversible inactivation by 
various mild procedures Avere furthermore suggestiA'e. It AA-as therefore 
decided to test our purified coenzATiie on the acetylation sj'stem in brain. 
Verj" acth'c cnzjTne extracts A\'ere prepared for this purpose b\^ extraction of 
acetone brain poAA'der**^ (pigeon). Reversible inactiA'ation was obtained 
either b}' autoh’sis for 20 hours at 5® or b\' diah’sis against 0.1 m potassium 
chloride solution for 2 hours at room temperature. The latter procedure 
gave more consistent results and it was used in the following experiment. 

Each tube contained 0.5 ml. of dialj^zed and thoroughly” centrifuged ex- 
tract of pigeon brain, corresponding to 25 mg. of acetone brain powder, in a 
total A^olume of 1.0 ml. The final concentration of additions was 0.01 m 
sodium fluoride, 0.004 ii choline chloride and sodium acetate, 0.01 m 
sodium citrate, 0.015 m cysteine, 0.005 m sodium adenyl pATOphosphate, 
and O.o mg. per ml. of eserine. The tubes AA*ere incubated for 70 minutes at 
37". 

Coenzy-me added, 7 0 13 26 1(M 20S 

Acetylcholine fonned 200 1010 1120 1440 1360 

per gm. acetone 

powder, 7 

Acetylcholine was determined by” the frog rectus method of Chang and 
Gaddum® in the manner described by Xachmansohn and Machado.* 

’This work was supported by' a grant from the Commonwealth Fund. 

^Lipmann, F., J. Biol. C/icm., 160, 177 (1045). 

* Xachmansohn, D., and Machado, A. L., J. A’europhi/siol., 6, 397 (1943). 

* Xachmansohn, D., and John, H. M., J. BioL Chem.^ 168, 157 (1045). 

^ Feldberg, W., and Mann, T., J. Physiol., 104, S (1945). 

* Chang, H. C., and Gaddum, J. H., J. Physiol., 79, 255 (1933). 
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It appears that the coenzymo which we had isolated, using as a test 
system the acetylation of sulfanilamide in liver, is likewise a coenzyme for 
the choline-specific acetylation system in brain. In addition to the coen- 
z)Tne, both systems require cysteine, citrate, or both* -’for full activation. 
By comparison with similar systems we assume that our best coenzynie 
preparation may contain 5 to 10 per cent of the pure substance. The 
present preparation contained 13.G per cent nitrogen and 5.7 per cent 
phosphorus. 

Biochemical Research Laboratory FniTZ Lip.mann 

Massachusetts General Hospital Nathan 0. Kaplan 

Boston 

Received for publication, February 13, 19-lC 



ISOLATION OF .VIsDROSTAKE-3 (a), 11-DIOL-17-ONE FROM THE 
URINE OF NORMAL MEN 


Sirs; 

Isolation of androstane-3 (a), ll-diol-17-one from the urine in cases of 
adrenal cortical tumor and adrenal cortical hj-perplasia^ stimulated interest 
in the possible occurrence of this substance in normal urine. A pool of 
105 liters of urine was collected from six normal men 30 to 46 years of age. 
The urine was collected in 5 gallon bottles containing 90 ml. of concen- 
trated hydrochloric acid and 300 ml. of toluene. It was processed as 
preriously described. The ketonic fraction was dissolved in benzene and 
chromatographed on a col umn of alumina (Merck, Rah'way, New Jerse}', 
standardized according to Brockmann). The various fractions w^ere 
eluted with benzene and with benzene containing increasing amounts of 
isopropyl alcohol. The fraction eluted wdth benzene containing 0.02 
volume of isopropyl alcohol weighed 31 mg. after reciy^staUization from 
acetone and ethyl acetate and melted at 196-198°; [<x]^ = +94.8° zt. 3°. 
A mixture with androstane-3 (a), 11 -diol-17-one (m.p. 197-198°; [a]|® = 
+96.6° 2°) melted at 196-198°. The acetate, prepared with acetic 

anhydride and P3Tidine, melted at 238-240°; the melting point was not 
depressed by admixture of androstane-3 (o£)-acetoxy-ll-ol-17-one. Thus 
androstane-3 (a), ll-diol-17-one was isolated in the amount of 0.3 mg. per 
liter from the pooled urine of six normal men. This amount is considerabb' 
less than the amounts that were isolated (1.5 to 2.1 mg. per liter) from 
the urine in two cases of adrenal cortical tumor and four of adrenal cortical 
hjpeiplasia. In one case of tumor, however, the amount was 0.26 mg. i>er 
liter. 

jDirijiou of Biochemistry Harold L. ^Iasox 

Mayo Foundation 
Rochester, Minnesota 

Received for publication, February 16, 1946 

‘Mason, H. L.,J. BioL Chem,y 168, 719 (1945). Mason, H. L., and Kepler, E.J., 
Biol Chem., 161, 235 (1945). 
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Tryptophane requirement, protein 
relation, Krchl, Sarma, and Eire- 
hjem , 403 

Guanidine: Blood scrum albumin, fatty 
acids and related compounds, com- 
bination, effoct, Boyer, Ballon, and 
Lucky 199 

H 

Hendecanoic acid: Body, storage, TVs- 
schcr, 120 

Hormone(s): Adrenal cortex, related 
compounds, synthesis, partial, Gal- 
lagher, 491 

Gallagher and Long, 495 

Long and Gallagher, 511 

Gallagher and Long, 521 

Gallagher and Hollander, 533 

Gallagher, 539 

Hollander and Gallagher, 540 

Hydrogen peroxide: Nicotinic acid deter- 
mination, ctTcct, Brorrn; Thomas, and 
Bina, 221 

Hydroxy-A*^’*‘-cholenic acid: 3(a)-, de- 
rivatives, chemical constitution, , 
Sarett, 591 ! 

— , preparation, Hicks, Berg, and j 
Wallis, 633 ; 


Hydroxy -A«‘-choknlc acid: 3(a)-, des- 
oxycliolic acid, preparation from, 
^fcf\cnzic, ^fcGttekin, and Kendall, 

555 

Hydroxy-11, 12-dlbroniochoIanlc acid: 3- 
(«)-, related compounds and, Engel, 
Mattox, McKenzie, McGuckin, and 
Kendall, 565 

Hydroxy - 11,12 - dlketocholanic acid: 
3(a)-, Wol/T-Kishner reduction, 
irintcrsfcMicr and Moore, 725 

I 

Inscct(s): Fats, Giral, Giral, and Giral, 

55 

Giral, 61 

Insulin; Carbohydrate metabolism, ef- 
fect, Slclten arid Klein, 377 

Invcrtebrate(s) ; Testis creatine, Green- 
icald, 239 

Iodine: Radioactive, tloToid, goitrous, 
fractionation, Lcblond, Puppcl, 
Riley, Rad ike, and Curtis, 275 
Th 3 Toid, goitrous, fractionation, 
Lcblond, Puppel, Riley, Radike, ond 
Curtis, * 275 

K 

Ketone bodies: Acetate oxidation, rela- 
tion, Modes, Floyd, and Weinhousc, 

1 

Ketonemla: Fasting, diet ctTect, Tidwell 
and Treadwell, 

Ketosteroid(s); J2-, ll-hydroxyl group 
introduction, Ricgcl and Moffett, 

585 

L 

Lactic acid: Bacteria, p 3 'ridoxine func- 
tion, Lyman, Moseley, Wood, Butler, 
and Hale, 173 

Lactobacillus casei: Flavin adenine di- 
nucleotidc utilization, riboflavin 
analogues, effect, Soreti, S7 

Riboflavin utilization, riboflavin ana- 
logues, ofTccf, Sarctf, S7 

Lactobacillus gayonii: Nutrition, Hutch- 
ings, Sloane, and Boggiano, 737 
Lecithinase; Blood serum globulins, 
effect, Pelcrmann, 37 
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Iipld(8): Liver, diet effect. Handler, 

77 

Phospho-. See Phospholipid 
llthocholenic acid: A'*-, chemical con- 
stitution, Gallagher, 491 

— , epoxide, reactions, Gallagher and 
Long, 495 

lirer: Cholesterol synthesis, Bloch, 
Boreh, and Rittenherg, 441 

Disease, blood serum phosphatase, 
alkaline, effect, Drill ahd Riggs, 

21 

Fatty, K^-methylnicotinamide methyl 
group, effect, Najjar and Deal, 741 
lipids, diet effect. Handler, 77 

Phospholipids, choline effect, radio- 
active phosphorus in study, Enlen- 
man, Chaikof, and Friedlander, 

111 

Succime dehydrogenase, Hogehoom, 


Melanoplus atlanis: Fat, GtVal, Giral, 
and Giral, 55 

Methionine: Transmethylation tn rtco, 
effect, Cohn, Simmonds, Chandler, 
and du Vigneaud, ^3 

Methylnlcotlnaniide : K*-, demethyla- 
tion, Najjar and Deal, 741 

—, methyl group, fatty liver, effect, 
Najjar and Deal, 741 

Methyluric acid(s): ^leiabolism, Myers 
and Hanzal, 309 

Methylxanthine(s) ; Metabolism, Myers 
and Hanzal, 309 

Milk: Fat, glycerides, fatty acid dis- 
tribution pattern. Jack, Henderson, 
and Hinshaw, 119 

Mold: See also Aspergillus 
Myosin: Adenosinetriphospbatase sepa- 
ration, Price and Cori, 393 

N 

nicotinamide: K*-Metbyl-, demethyla- 
lion, Najjar and Deal, 741 

methyl group, fatty liver, effect, 
Najjar and Deal, 741 

Nicotinic acid: Determination, chemical 
and microbiological, Brotm, 
Thomas, and Biiia, 221 


Nicotinic acid— continued; 
Determination, hydrogen peroxide ef-' 
feet, Brovm, Thomas, and Bina, 221 
— , infra-red rays, effect, Broicn, 
Thomas, and Bina, 221 

Requirement, grovrth, protein effect, 
Krehl, Sarma, and JShehjem, 403 
Nucleic acid: Desoxyribo-. See Des- 
oxyribonucleic acid 
Uibo-. See Ribonucleic acid 

O 

Oxidase: Cytochrome, desoxyribonucleic 
acid effect, Zittle, 287 

— , ribonucleic acid effect, Zilth, 2S7 
Oxygen: Steroid nucleus, introduction, 
Hicks and '[Vallis, 641 

See also Anoxia 

P 

Pea: Starch amylose, Hilbert and il/ac- 


Masters, 229 

Peptidase: Dehydro-, tissue, activity, 
Greenstein and heuthardt, 175 

Phenyknercuric nitrate: Action, Cook, 
Krcke, McDeritt, and Bartlett, 43 
Cook, Perisutli, and Walsh, 51 
Enzyme sy'stems, effect, Cook, Kreke, 
McDevitt, and Bartlett, 43 


Respiration depression, sulfhydiyd 
effect, Cook, Perisutti, and Walsh, 

51 

Phosphatase : Adenosinetri-, creatine 
effect, Price and Cori, 393 

— , myosin, separation. Price and 
Cori, * 393 

Blood serum, alkaline, liver disease, 
effect. Drill and Riggs, 21 

-Containing enzyme products, yeast 
and Tvheat embryo cocarboxylasc 
hydrolysis, use, Sure, 139 

Phosphate(s): Inorganic, determination, 
labile phosphate esters, presence, 
Lovery and Lopez, 421 

Phospholipid (s) : Liver, choline effect, 
radioactive phosphorus in study, 
Enienman, Chaiko^, and Fried* 
lander. 111 

Phosphorus: Radioactive, liver phos- 
pholipids, choline effect, use in 
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INDEX 


study, Enicnman^ Chaikoff, and 
Fricdlandcr, 111 

Pregnancy: Urine estrogens, fractiona- 
tion and determination, photo- 
metric, Siimviely 99 

Pregnene-4-dlol-17 (/3),21-trione-3,ll,20 
monoacetate: Synthesis, partial, 
Sarctl, GOl 

Pregnene-4-trlol*17 (/3) , 20 (^) , 21-dione- 
3,11 monoacetate : Synthesis, partial, 
Sarciiy 601 

Protein (s) : Blood plasma, growth effect, 
Lewis y 473 

Growth factor, Womack and Rose, 735 
Homomolecular, blood scrum, solu- 
bility, Lcrncr and Greenberg y 429 
Nicotinic acid requirement, growth, 
effect, Krchl, Sarma, and Elvchjcm, 

403 

Strepogenln, growth, effect, Woolley, 

383 

Tryptophane requirement, growth, 
effect, Krchl, jSiormo, and Elvchjcm, 

403 

Proteolysis: Enzymes, casein, effect, 
Eldred and Rodney, 261 

Pyridine: 3-AcetyI-, tryptophane rela- 
tion, Woolley, 179 

Pyridoxine: Lactic acid bacteria, func- 
tion, Lyman, Moseley, Tl^ood, Butler, 
and Hale, 173 

iS'ee also Vitamin Ba 

Q 

Quinine: Ultraviolet irradiation, effect, 
Kyker, Cornatzer, and* McEwen, 


Riboflavin: Analogues, Lactobacillus 
casei riboflavin and flavin adenine 
dinucleotide utilization, effect, 
Sarett, 87 

Carbohydrate metabolism, anoxia, 
effect, Wichson and Morgan, 209 
Determination, micro-, Loy and Kline, 

177 

Lactobacillus casei utilization, ribo- 
flavin analogues, effect, Sarett, 87 
Metabolism,’ diet effect, Czaezkes and 
Guggenheim, 267 


Ribonucleic acid: Cytochrome oxida 
effect, Zittlc, \ 

Succinic dehydrogenase, effect, Zil 

S 

Saccharomyces carlsbergensls : Ye 
vitamin Bj availability, Rubin c 
Scheiner, ; 

Serine; L, glycine, conversion, biolc 
cal, Shemin, 

Spfaenarium purpurascens: Fat, Gii 

Starch: Pea, amylosc, Hilbert t 
MacMasters, 

Steroids; Clark, Brink, and Wallis,* 
Berg and Wallis, * 

Bile acids, McKenzie, McGuckin, i 
Kendall, 

Engel, Mattox, McKenzie, McGucl 
and Kendall, 

Turner, Mattox, Engel, McKen 
and Kendall, 

12-Keto-, 11 -hydroxyl group int 
duction, Riegel and Moffett, 
Nucleus, oxygen introduction, Hx 
and Wallis, 

Oxides, preparation and rearran 
ment, Hicks, Berg, and Wallis, 

Sterol: Dichlorides, preparation, B 
and Wallis, 

Strepogenln: Proteins, growth, eff( 
Woolley, 

Streptidine : Chemical constituti 

Fried, Boyack, and Wintersieh 

Streptococcus faecalls: Amino acid 
quirements, Grecnhul, Schweig 
and Elvchjcm, 

Threonine determination, use, Gre 
hut, Schweigert, and Elvehjem, 

Streptomycin; Preparation, LePage * 
Campbell, 

Streptidine, chemical constituti 
Fried, Boyack, and Wintersici'^ 

Succinic dehydrogenase: Desoxy'' 
nucleic acid effect, Zittlc, 

Liver, Hogeboom, 

Ribonucleic acid effect, Ziiile, 
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ftnilamidc: Acetylation, enzymatic, 
Lipmann and Kaplan, 74S 

fhydryl : Respiration depression, 
phenylmercuric nit rate -induced, 
effect. Cook, FerisvUi, and Tfalsk, 


tis: Creatine, invertebrates, Green- 
tcald, ^ 239 

isb, creatine phosphoric acid prep- 
aration, GrceniraW, 239 

eonine: Determination, Slrepio- 

coccus faecalis use, Greenkut, 
Schweigert, and Elvehjem, 69 

mol: Turbidity reaction, blood 
serum, determination, Shank and 
Boagland, 133 

fold: Goiter, iodine and radioactive 
iodine, fractionation, Lehlond, Pup- 
pel, Riley, Radike, and Curiis, 275 
nhibiting compounds and related 
substances, determination and prop- 
erties, Christensen, 27 

Toiine : DiiodotjTosine, formation 
from, Reineke and Turner, 369 
ptophane: 3-Acetylpyridine relation, 
Woolley, 179 

equirement, growth, protein effect, 
Krehl, Sarma, and Elvehjem, 403 
Dslne: Diiodo-, thyroxine formation, 
Reineke and Turner, 369 

XJ 

a: Blood serum albumin, fatty acids 
and related compounds, combina- 


Rrea — continued: 

tion, effect, Boyer, Ballou, and 
Luck, 199 

Determination, micro-, Kinsey and 
Robison, 325 

TTiic ac{d(s): Methyl-, metabolism, 
Myers and Banzai, 309 

Urine: Androstane-3{a),ll-diol-17-one 
isolation, 3fason, 745 

Estrogens, pregnancy, fractionation 
and determination, photometric, 
Stimmel, 99 

V 

Vltamin(s): B complex, chick require- 
ment, Petering, ifarvel, Glausicr, 
and Waddell, 477 

. See also p-Aminobenzoic acid 

B|, yeast, Saccharomyces carlshergcn- 
sis, availability, Rubin and Scheiner, 

3S9 

— . See also P^’ridoxine 

W 

Wheat : Embrj'o, cocarboxylase hydroly- 
sis, use, Sure, 139 

X 

Xanthine(s): Methyl, metabolism, 

^[yers and Banzai, 309 

Y 

Yeast: Cocarboxylasc hydrolysis, use, 
Sure, 139 

Vitamin Bj, Saccharomyces carlsbergen- 
sis, availability, and 

Scheiner, 3S9 



